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THE INHERITANCE OF PRODUCTIVITY IN 
FARM LIVE STOCK! 


I. MEAT. 


JOHN HAMMOND 
(School of Agriculture, Cambridge) 
With Plates 1-6 


Introduction.—A\most all the characters that are of any importance for 
meat (such as weight-for-age and body-proportions) in our farm animals 
are dependent for their full expression on environment and nutrition. 
We cannot therefore consider the genetic characters for meat-production 
without considering the environment in which they are developed. In 
my opinion, most of these characters have been developed purposely, and 
their development has been planned and directed by man through selec- 
tion in an environment that he has created to produce them, whilst in 
only a very small minority of cases have they arisen by chance from large 
mutations. The large mutations that occur in our live stock are nearly 
all of the recessive type, and for the most part consist of defects and 
abnormalities or fancy points (such as colour and horns), which are of 
little commercial importance. They usually segregate out in simple 
ratios, and it is an easy matter to breed for them by using Mendelian 
methods. On the other hand, almost all the commercial qualities are 
‘blending’ in inheritance: there is no dominance, and in my opinion they 
have been produced by quite a different method, that is, by the accumula- 
tion of small variations, which are continually appearing, and may be 
stimulated by the environment. In my opinion, too, these characters exist 
in all degrees of ‘fixity’ in the animal. In other words, in terms of present- 
day explanations, I believe not only in the mutation of a gene already 
formed, but also in the possibility of the evolution of a new gene by the 
animal itself under the stimulation of the environment, and consequently 
of varying degrees of ‘fixity’ of characters under environmental change, 
peti to the state of evolution of the gene in question. Whilst the 
animal produces the gene as a mechanism for putting the characters that 
it has evolved into its inheritance, a mutation in the gene already fully 
formed gives a variation in the animal that is of small importance in 
evolution, because it is at random and not purposeful, as in the former 
case. Thus I see the real evolution of commercial qualities, built up by 
small variations, constantly being added to according to the environ- 
ment of the animal, and the formation of varieties, freaks, and fancy points 
produced by the mutation of genes already formed by the other process. 
To illustrate the theories outlined above, I propose, in the short 
space available, to give a few examples. A concrete example may be 
given from the horse, which although not among the meat-produc- 
ing animals in Great Britain is closely related to them. The evolution 


1 The five papers under this head were read to Section D (Zoology) of the British 
Association for the Advancement of Science, Aberdeen, September 10, 1934. 
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2 JOHN HAMMOND 


in the skeleton (Fig. 1, Plate 1) has followed a definite and uniform 
course of changes, consisting in the main of a progressive lengthening of 
the limb bones in relation to cranium size. This evolution has not been 
broken bya number of sharp changes, such as mutations affecting different 
parts of the body independently; for example, no shortened limb bones, 
such as those which occur in the Dachshund dog (and also occasionally 
in the horse) and behave as Mendelian recessives, come in the series. 
These things are mutations that may easily be picked out by man and 
bred to form fancy strains, but they play no real part either in natural 
evolution or in the development of the proportions of the body in com- 
mercial meat-production. These mutations do not as a rule form inter- 
mediates when bred to the normal type, whereas when two different 
‘developed’ types are crossed, all gradations between them may be 
obtained. In the horse (see Fig. 1) the different types of conformation 
are magnifications (light horses) or extensions (heavy horses) of the 
gradual changes which have taken place during the course of evolution. 
Cattle (beef and veal).—Beef qualities, i.e. a high proportion of the best 
joints (loin) and a low proportion of the offal parts (head and legs), are 
developmental characters, and change in their proportions as the animal 
grows up (Fig. 2, Pl. 2). The head and legs are proportionally large in 
the calf, and as the beef qualities develop they become “ay pans 
smaller, and the loin becomes proportionally larger. For the full expres- 
sion of these developmental characters, a high plane of nutrition is neces- 
sary, for, if it is not available, the later maturing and more valuable parts 
are not developed and the form of the animal approaches that of the 
unimproved type in which the head and legs are large and the loin poorly 
developed (see Fig. 2). If selection is made under poor conditions of 
nutrition, therefore, we cannot distinguish so well between the one 
which is poor in conformation due to lack of genetic improvement, and 
the one which is genetically improved but fails to develop its body pro- 
portions because of lack of nutrition. All the best breeds of beef cattle 
(Aberdeen-Angus, Shorthorn, Hereford) have been developed in areas 
of good nutrition, and herds in poor nutrition (range) areas become 
degenerate from a meat point of view, unless they are kept constantly 
supplied with breeding-stock which has been selected in the areas of 
high nutrition. 
When we consider the different breeds of cattle from the stand- 
oint of the development of body proportions for meat (Fig. 3, Pl. 3), 
it will be seen that they can be put in a series, according to the rate and 
extent to which these proportions are developed. A beef Shorthorn bull 
14 months old is as well developed in its proportions for meat as an 
adult Friesian bull 54 years old, and the extent to which it develops 
eventually is far in excess of anything found in the dairy breeds. The 
directive influence of man’s selection is seen in the way in which stocks 
having a different origin—such as the Aberdeen-Angus and the Short- 
horn—approach one another in conformation for beef purposes (and 
Friesians and Dairy Shorthorns for milk purposes), whilst stocks with 
a common origin—such as the Shorthorn—have developed different 
types when bred for different purposes, such as beef and milk (see Fig. 3). 
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Of quite another nature genetically, and in no way dependent on 
environmental and nutritional conditions, is the ‘Doppellender’ calf, 
which is so much valued for veal on the Continent (Fig. 4, Pl. 4). It con- 
sists of a doubling of the muscles of the loin and hind quarters, and has 
arisen as a mutation in several Continental breeds of cattle, in which it 
is carried on in the heterozygous condition, for the females are sterile. 
It is a simple recessive and forms no blend in crossing as do the develop- 
mental characters. It cannot therefore be used to improve other stocks 
in the same way that Aberdeen-Angus bulls are used to introduce an 
improved conformation and better quality when mated to coarse-boned 
and ill-proportioned cows. 

The colour of the body-fat in cattle is a multiple-factor genetic charac- 
ter; all shades of colour exist from a very pale yellow (which is desired by 
the butcher) to a deep yellow (which is desired by the breeder of dairy 
cattle). The expression of this character is dependent on the amount 
of the xanthophyll pigments of plants in the food, and if these are absent 
the fat becomes white, no matter what the genetic constitution is. In 
selecting for this character the breeders of dairy cattle feed plenty of green- 
stuff and pick out those cows which give the deepest yellow tint. Varia- 
bility curves (by Whetham) for the colour of the butter-fat in the different 
breeds of cattle at the London Dairy Show are shown in the next figure 
(Fig. 5, p.4). This is a case where a definite environment of food-supply 
is —s before selection can be made for the genetic character con- 
cerned. 

Sheep (mutton and lamb).—As with beef, the genetic characters for 
mutton and lamb are all ‘developmental’ ones, and in Great Britain there 
exists a complete range of types from those possessing early maturing 
qualities (that is, a quick change in the proportions of the body), and 
suitable for killing as lamb, to those with a slow change in proportions, 
which are more suited to mutton-production. These characters are not 
firmly fixed, however, and may be modified in any one breed by the 
methods of feeding and management adopted. During growth, the 
tissues of the body develop in a definite order—bone, muscle, and then 
fat. The proportional development of these tissues varies considerably in 
different breeds; this, for example, may be illustrated by the following 
average fat-measurements of the loins (Fig. 6, Pl. 4) of carcasses at Smith- 
field Show (Fig. 7—by Hirzel, p. 5). First crosses are intermediate 
between parents in this respect, and there is no dominance or recessive- 
ness of such developmental characters. 

On the other hand, an alteration of the proportions of the body brought 
about by a mutation (and not of a developmental character), such as that 
of the short legs of the Ancon sheep (Fig. 8, Pl. 5), behaves as a recessive 
segregating character, and does not blend with all gradations as do the 
developmental characters. ‘The developmental characters must always 
be represented by a variability curve, and never as a fixed point, as the 
mutations can be. Improvement of the environment and selection of 
the animals at the upper end of the curve, for the curve shifts upwards 
as the result of environmental changes, are the best means of effecting 
improvements for early maturity. 
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Pigs (bacon, pork, and lard).—Local feed conditions have supplied the 
environment in which the different types of pigs have been evolved. For 
example, in the maize-producing areas of Hungary and Roumania, the 


BUTTER FAT 
A COLOURS 


DAIRY SHOW 
19 23-1932 


2 3 ‘ s 7 


Fic. 5. (From Whetham—paper in preparation.) 


Variability Curves of the Colour of Butter-fat in Different Breeds of Cattle—London 
Dairy Show data (1923-32). Range of colour measured on a butter-fat colour scale. 
1=white, 1o=dark yellow. The vertical lines show the mean values for the different 
breeds. 


Mangalicza pig has been developed for fat-production; this pig has only 
a small development of bone on muscle, but the back fat, which it is bred 
for, reaches, in a good average pig of 390 Ib. live-weight, a thickness of 
5 in. at the shoulder and 4 in. at the loin. In the corn-belt of America, 
too, the Poland-China breed developed in the same way (Fig. 9, Pl. 5), but 
the type within the breed has been changed in recent years (owing to the 


| 
} 
° RORTH DEVON | 
\ 
PRIESIAN 
DEXTER 
| 
7 


INHERITANCE OF PRODUCTIVITY IN FARM LIVE STOCK 5 


lack of demand for lard) by selection, and the much greater use of pro- 
teins in the ration. Under the feeding conditions existing in Denmark 
(skim milk and cereals), the bacon pig (in which a carcass of 150 lb., 
thick in lean, and with only a moderate amount of fat, is required) has 
reached its highest development. Progeny tests of growth and carcass 
quality, made under feeding conditions that stimulate the characters 


THICKNESS OF FAT OVER LOIN (C) 9 MONTHS 


BLACKFACED 


SUFFOLK X CHEVIOT 


SOUTHDOWN X CHEVIOT 


Fic. 7. (From Hirzel—paper in preparation.) 


Measurements of Fat over the Loin in Different Breeds and Crosses of Sheep at Smith- 
field Show. For position of measurement see Fig. 6, Pl. 4. The measurements are shown 
as — or + the optimum measurement (8 mm.) desired by the public, and’ are breed 
averages over a number of years. Approximate age of carcasses—g months. 


required, are the means whereby this has been achieved. It has been a 
directed evolution of commercial b ge ey by the accumulation of small 
increases (as the progeny tests of their boars show), and not by the 
appearance of sudden large mutations. For pork (where a large develop- 
ment of the muscle at a low carcass weight—7o lb.—is required), it is 
in environments supplying a ration high in protein that the highest per- 
fection is attained. New Zealand, for example, with its large supply of 
skim milk and meat meal is producing this type of pig to perfection from 
breeds as diverse as the Berkshire, Large White, and Tamworth (see 
Fig. 10, Pl. 6). The high-protein and low-carbohydrate feed leads to the 
development of the muscle and limits the fat to the proportions required 
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by the consumer, whereas under our conditions of high-carbohydrate 
feeding the differences in fatness between these breeds would be ve 
marked. In general, the degree of fixity of the commercial character will 
depend on the order of its development in the animal; thus bone, which 
develops first, is more difficult to modify by local feeding conditions than 
is fat, which develops last. ‘The developmental meat characters of the 
animal are genetically fixed only in relation to a certain environment. 
Conversely, if we wish to develop a certain character in our stock, we 
must carry out selection for that character in a suitable environment, if 
we are to be successful. 

General conclusions.—Since the genetic characters concerned in meat- 
production are so dependent for their expression on the environment, 
especially nutrition (and are mostly of a developmental character), our 
best means of directive improvement is selection (by progeny tests) in 
a suitable environment, that is, one which stimulates the development 
of the character in question. The further development of these com- 
mercial qualities in our animals depends, like the ‘civilization qualities’ in 
man, on the creation of a better environment for the development of the 
characters concerned. 


(Received October 4, 1934) 
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Fic. 1. THE CHANGES IN THE PROPORTIONS OF THE HORSE 
IN DEVELOPMENT AND DURING EVOLUTION 


In order to show the changes in proportions, all the photographs have been 
reproduced to the same cranium size (eye to ear length). The changes in 
proportions during embryonic life parallel those which have taken place 
during evolution. 


Reading from left to right: 

EvoLuTion—(a) Eohippus; (b) Mesohippus; (c) Merychippus; (d) Equus 
Arab). 

Second line: DEVELOPMENT (Welsh Pony)—(e) 3 months; (f) 5 months; (g) 7 months; 
(h) 10 months. 

Third line: DEvELOPMENT (Welsh Pony)—(i) 11 months; (j) 2 weeks after birth; 
(k) 9 weeks after birth; (/) adult. 

Bottom line: EvoLut1ion—(m) Light Horse (Thoroughbred—St. Simon); (mn) Heavy 
Horse (Suffolk—Wedgwood). 


4 (From Hammond, ‘ Actes, 16° Cong. Internat. d’ Agric., Budapest,’ 1934.) 
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- Fic. 2. CHANGES IN THE PROPORTIONS OF THE BODY IN 
x HEREFORD CATTLE 
% In order to show changes in body proportions, as distinct from size, the 


photographs have all been reduced to the same height at the shoulders, so 
that the proportions are shown in relation to this measurement. 


11. Heifer—z days old. 1. Heifer—z days old. 
12. Steer—30 months old (reared on low plane 2. Bull—s5 weeks old. 
of nutrition). 
13. Steer—11 months old (reared on high plane 3. Bull—13 months old. 
of nutrition). 
14. Steer—22 months old (reared on high plane 4. Bull—22 months old. 
of nutrition). 
dh 15. Bull—adult—type existing 100 years ago. 5. Bull—s years old. 


(From Hammond, ‘Actes, 14° Cong. Internat. d’ Agric., Bukarest,’ 1929.) 
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Fic. 3. PROPORTIONS AND AGE CHANGES IN BULLS OF 


DIFFERENT BREEDS 
ist Prize Bulls at the Royal Agricultural Show, Manchester, 1930 ae 
Convergent 
Evolution 
| | Divergent | | 
Milk Milk <—Evolution— Beef Beef 
Friesian Dairy Shorthorn Beef Shorthorn Aberdeen Angus 
| (a) 12 months (f) 12 months (k) 10 months — 
(6) 18 months (h) 16 (m) 16 
(c) 21 (i) 22 (n) 26 (q) 19 months 
(d) 25__,, = (0) 28, (r)3r 
(e) 5} years (j) 43 years (p) 5} years (s) 53 years 
/ (Photographs all reduced to the same shoulder-height.) 
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Fic. 4 
CARCASS OF A ‘DOPPELLENDER’ 


VEAL CALF 
11 weeks old. Weight 367 lb. 


“3 (From Herter and Wilsdorf, ‘Arbeit deut. 
Landw.-Gesell.’ ; H. 206, Berlin, 1912.) 


Fic. 6. LOINS OF MUTTON (cut at last rib) 


To show where the fat-measurements given in Fig. 7 
were taken—at the narrowest part over the ‘eye’ muscle. 
The three carcasses illustrate: 

Top: A carcass with too little fat and an insufficient 
thickness of ‘eye’ muscle. 

Middle: A carcass which has the proportions of fat 
and muscle required by the public. 

Bottom: A carcass in which the fat is much too thick. 


Vol. III, Pl. 4 
TON (cut at lest rid) 
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Fic. 8 
THE ANCON SHEEP 


The shortened legs are 
a recessive mutation and 
do not give intermediates 
on crossing with the long- 
legged type, as occurs 
when a breed with ‘de- 
veloped’ short legs (such 
as the Southdown) i 
crossed with a _ long- 
legged type. 


(From Wriedt, ‘Heredity in 
Live Stock’, London, 1930.) 


Fic.9. CHANGES MADE IN THE 
POLAND-CHINA PIG WHEN THE 
DEMAND FOR LARD DECREASED 


All the photographs have been reduced 
to the same shoulder-height to show 
changes in proportions as distinct from 
size. The breed has been changed by 
selection in the direction of later maturity, 
i.e. with more bone- and muscle-growth 
and less fat. These successive changes are 
the reverse of the changes which occur as 
the pig grows up. This has been attended 
with increase in actual size. 


(From Hammond, }. Roy. Agri. Soc., 1932, 93.) 
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Fic. 10. CUTS THROUGH THE LEGS AND LOINS OF NEW ZEALAND 
PORKERS OF DIFFERENT BREEDS AND CROSSES 


Nos. 46, 67, and 68: Large White x Tamworth; carcass weight, 71, 65, 74 lb. 

No. 52: Tamworth x Large White; carcass weight, 72 Ib. 

No. 70: Large White; carcass weight, 70 lb. 

No. 16: Berkshire; carcass weight, 72 Ib. 
Note on the loins the thickness of the ‘eye’ muscle, the uniformity and 
thinness of the fat over the ‘eye’ muscle, and the thickness and well-developed 
lean meat of the ‘streak’. 


(From photographs taken for the Department of Sci. and Ind. Research, Wellington, New Zealand.) 
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THE INHERITANCE OF PRODUCTIVITY IN 
FARM LIVE STOCK 


Il. MILK 


A. D. BUCHANAN SMITH 
CUInstitute of Animal Genetics, University of Edinburgh) 


Can the science of genetics offer reasonable help to the live-stock pro- 
ducer? If so, then by what means? In this paper it falls to me to deal 
with these two questions from the point of view of milk-production in 
cattle. 

Before the scientist can tackle any problems he must be able to weigh 
or to measure that with which he is dealing. Both quantity and qualit 
must be assessed. ‘Thus genetical experiment in respect of eggs and milk 
is much easier than it is in the case of meat. 

As Dr. Hammond has so clearly stated, it is essential to be able to dis- 
criminate between the factors affecting the productivity of an animal that 
are due to environment, nutrition, management, disease, &c., from those 
factors that are genetic. ‘The difficulty of doing so is one of the rocks 
upon which the barque of the geneticist is most likely to founder; and 
the task is further complicated because attempts to correct for environ- 
mental and other variations are likely to mask a genetic factor. For 
instance, Mackintosh [1] has recently shown that, where it is necessary, 
for comparison, to correct the first-lactation-yield of dairy cattle, the 
correction factors employed often work reasonably well, but that in the 
case of one group of cows they were very far out. 

Up till now, about 400 papers have been written dealing principally 
with some aspect of the inheritance of milk-yield. Some useful information 
has been obtained, but that source is now becoming exhausted, and I 
think that any future information of scientific value regarding the inheri- 
tance of yield and quality of milk will be obtained only by deliberate 
experimentation. By deliberate experimentation I mean the control of 
environment and nutrition to the greatest possible extent, so that, 
although the production of one generation takes place many years after 
the production of that ancestral generation with which it is to be com- 
pared, the comparison may be as straightforward as possible and with 
the minimum use of correction factors. 

The need for this has been recognized by Dr. Graves and those in 
charge of the experiments conducted by the Bureau of Dairy Industry 
of the United States Department of Agriculture, and Dr. Lush informs 
me that several of the State agricultural experiment stations, such as 
Illinois and Nebraska, have now also laid down similar experiments with 
dairy cattle. This principle forms the basis of the experimental work 
that we are conducting with dairy cattle and pigs at the experimental 
farms of the Institute of Animal Genetics. The method adopted is to 
do our utmost to secure a uniform system of management and nutrition 
over a long period of years. There is no ‘deliberate’ experimentation. 
Results are being measured continuously. So far as I am aware, nowhere 
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else is this principle of holding environment, &c., reasonably constant 
being employed for dairy cattle.'\ Yet it is precisely the same principle as 
that employed, though not for genetic — by the most venerable of 
all agricultural research institutes. ‘The ‘classical’ fields at Rothamsted, 
where certain plots have been under the same treatment for ninety years, 
form an excellent example of this method of passive research. 

Already, and without the results of this planned and yet passive re- 
search, there is information of undoubted value, of which perhaps the 
most important is that quantity of milk is transmitted to a great extent 
independently of quality as measured by fat-yield. But many of the 
other results are still open to question. The problems that are now being 
tackled are not so much the determination of the number of genetic 
factors concerned in the transmission of total yield as the analysis of 
particular aspects of total yield, e.g. persistency of lactation. The 
various characteristics of the lactation must be considered in relation to 
each other. 

In other words, we are not so much concerned with determining the 
number of genetic factors involved, as with analysing the lactation- 
curve of individual animals under a standard environment. (To ensure 
this, the greater number of the calvings occur in two months of the year.) 
Two cows may give the same yield of milk, but the one may give that 
yield in 200 days whereas the other takes 300: or the two cows may give 
the same yields in the same time but yet have widely different lactation- 
curves. These, therefore, must be studied with reference to the various 
qualities of the milk, amount of fat, sugar, protein, and natural minerals, 
as well as the colour, and size of fat-globule, &c., nor must the question 
of the relative weights of the cows be ignored both before and after 
the lactation. And all these are peculiarities concerning which we can 
already trace the workings of heredity. It is of fundamental importance 
to understand the action of these characteristics and their reaction on 
one another. 

Thus it is small wonder that simple selection by the mating of the best 
to the best gives a large proportion of disappointing results. One cow 
may yield 2,000 gallons for one set of genetic reasons, whereas another 
cow will accomplish the same yield while possessing a very different 
constitution. There is, therefore, need for analysis. 

Moreover, research of this nature will certainly discover whether 
abnormal modes of inheritance are operating, or whether quantity is 
simply a matter of multiple factors. These abnormal modes include 
such things as sex-linked factors, and those combinations of genes which 
act as inhibitors of yield. The existence of such modes of inheritance can 
easily slow down progress by simple selection. 

Further, economic production may actually be best obtained when 
genes are in the heterozygovis state. Personally, I do not think that this 
is the case in milk-production, though there are strong grounds for 
believing it to hold good for meat-production. In any case this is ob- 
viously a point that must be definitely ascertained: the required know- 
ledge can only come from experiment. 

A further point is to find out whether certain combinations of charac- 
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ters, desirable from the standpoint of the practical breeder, are geneti- 
cally possible. For instance certain breeders desire cows giving 3,000 
gallons of milk with 5 per cent. butter-fat. The analysis-stage might 
conceivably show this to be as impossible as the desire of other cattle- 
breeders to establish a roan-coloured breed, roan being a heterozygote 
of red and white. 

A definite by-product of this type of investigation is that it enables 
a correlation to be made between the genetical and physiological factors 
affecting milk-production. No gene ever works directly on the character. 
Manifestation of the character follows some reaction of the anatomical 
or physiological structure. Inasmuch as this type of experiment provides 
what may be called the ‘genetic yield’, these yields may be correlated to 
certain post-mortem ficcdanes, e.g. to the size of the organs of internal 
secretion. The maintenance of a herd for genetic experiment thus pro- 
vides the ideal material for research into the physiology of milk-secretion. 

It is thus fundamental that, in applying the science’of genetics to the 
complex problems of milk-production, the various genetic factors first 
be analysed. There can be no shadow of doubt that analysis is the pre- 
requisite of synthesis. Meanwhile, patience must be exercised by those 
who would question the value of the application of the science of genetics. 
Rome was not built in a day, and the Romans built with stone, and not 
with cattle that require nine months to conceive and a further three years 
to produce. 

With commendable reserve the United States Department of Agri- 
culture [2] published only last year the results of the first planned experi- 
ment on the inheritance of wae oe It was a simple problem dealing 
with inbreeding. The experiment was begun in 1908, a quarter of a cen- 
tury previously. It has now been incorporated with a bigger experiment 
started about fifteen years ago, the results of which, I believe, will cause 
surprise to those who decry genetical experimentation with cattle on 
account of the slow rate of reproduction. 

It can, therefore, be stated with some confidence that we now see our 
way round the Scylla of the disentanglement of the genetic factors. This 
does in part answer the question, but not wholly, for on the other side of 
the genetic ship looms up the Charybdis of the likelihood that the analy- 
sis will reveal so many genetic factors interacting with each other as to 
make the synthesis of the problem in its practical application almost an 
impossibility. An adequate reply to the opening questions of this paper 
demands the discussion of this point. 

To those who have time to reflect, the practical outcome of the work 
of the plant-geneticist is little short of amazing. For many crops he has 
managed to make two blades grow where none could grow before. We 
animal geneticists have good cause for envy, and it is well that we should 
point out that this cause lies not merely in the greater rate with which 
one generation of agricultural plants succeeds another and the large 
populations which can be conveniently raised, but also in the fact that the 
productivity of a plant is as a rule infinitely more easy to measure and to 
assess than is the productivity of an animal. 

The problem of an increase in the productivity of our live stock—and 
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the maintenance of that increase—is not so simple as, say, the problem 
of an increased yield in maize. Let me refer to the work of Winter [3], 
which has been recently the subject of some discussion. To quote 
‘Student’ [4], Winter ‘succeeded, by continuous mass selection, in pro- 
ducing two races of maize one of which has more than twice, and the 
other less than one third, the normal oil-content’. “The movement of the 
means were, respectively, more than twelve and seven times the “in- 
herent” standard deviation.’ ‘Student’ estimates that at least 100 to 300 
factors would be needed and considers that the actual number runs into 
thousands. Dealing with this point, Dr. Fisher [5] states that the experi- 
ment (which ran for twenty-eight years) is a direct demonstration that 
selection has the exact effects that selectionists have ascribed to it. 

Can we do likewise if we breed our cattle upon the same principle of 
selection? There is no doubt that selection can greatly increase the pro- 
ductivity of scrub stock, but as the productivity of improved stock rises 
‘so does the rate of improvement decrease. The progress becomes so slow 
relative to the passage of years that we must now perforce accustom our 
ears to the astonishing slogan of certain advisers of our farmers that it is 
useless to use a bull that is out of a high-producing cow, a statement 
based on the fact that certain bulls of such breeding do not fulfil the 
expectations of the owner. Nevertheless the occurrence of such animals 
does fulfil the expectations of the geneticist. 

It is curious that some of those of our practical advisers who most 
decry the simple selection embodied in the ancient rule of ‘mate the best 
to the best’ do themselves advise merely an elaboration of simple selec- 
tion. So keen are these people on their slogan of the ‘progeny test’ as the 
salvation of the British dairy industry, that they go out of their way to 
decry past methods of selection—combined or not with pedigree. ‘They 
quite ignore the point that the progeny test is merely the logical refine- 
ment of existing methods of selection. 

There can be no doubt of the value of simple selection, combined with 
pedigree and the progeny test as a definite means for improving the 
productivity of our dairy cattle. There is equally no doubt that the rate 
of improvement is somewhat slower than it was. Granted time, patience, 
and money, can we reasonably expect that selection alone will effect 
the desired improvement in a manner such as Winter has shown to be 
possible with maize? 

I do not think so. Without more fundamental knowledge, the rate of 
improvement is bound to get slower. The problem is not the simple one 
of selection for one particular object. In striving to achieve a definite 
race of high producers, we desire to obtain a multitude of characters each 
of which depends upon a multitude of genes. I do not suggest that it is 
worth our while to determine precisely the number of genes involved in, 
say, an increase in the sugar-content of milk. But what is definitely of 
value is to discover whether an increase in the sugar-content can be 
secured by simple selection, and whether it is genetically or physiologi- 
cally incompatible with the selection of other important characteristics. 
Unless we know these things, selection is bound to bring in its train a 
considerable amount of disappointment. 
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But have we as yet obtained an adequate knowledge of the pure 
science of genetics? He would be a fool who would so presume. Take, 
for instance, Dr. Fisher’s theory of the evolution of dominance: with 
Nature as the agent of selection it is essential that those characters which 
benefit the organism be transmitted in a dominant manner. Dominance 
is therefore acquired by such characters, though we are ignorant of the 
means by which it is acquired. With man as the selecting agent, it is of 
decided benefit to the species that the desired characters (i.e. the pro- 
ductive characters of our live stock) be transmitted in a recessive manner. 
At present they most decidedly are not. Is it possible that just outside 
our sphere of knowledge there exists a mechanism for the evolution of 
recessivity ? 

But such an hypothesis as the evolution of recessivity demands 
systematized inbreeding for productivity. ‘The outcome of the recently 

ublished work of twenty years’ inbreeding by the United States 
ureau of Dairy Industry [2] shows great possibilities in the direction 
of stabilizing a high yield (1,700 gallons) by this method. Success in in- 
breeding demands, however, a certain knowledge of the mode of inheri- 
tance of the character and particularly if sex-linkage is operating. Here 
is a further reason for research both pure and applied. 

The demands of the market are not stable. The consumer of agricul- 
tural produce is—to the producer at any rate—fickle in his likes and dis- 
likes. Supposing selection to be more effective than I am willing to 
admit, it is bound to take at least twenty years to obtain the desired type. 
In the meantime the taste of the consumer is sure to have changed. Not 
only is the taste of the consumer liable to alter in twenty years, but the 
general methods of production are also likely to be revolutionized by 
circumstances over which the British farmer has no control. Unless we 
have fundamental knowledge concerning the inheritance of the character- 
istics of the lactation, we need not hope to be able to keep pace with 
market fluctuations. 

Pending adequate analysis of the problem, a continuance of existing 
selection methods (with the re-enforcement of the recent remarkable re- 
discovery of the progeny test) is much to be desired and will, on the 
whole, give good results. When, as is bound to happen, there is a popu- 


lar reaction to the progeny test—not because it has failed to give results, _ 


but because those results have not been as great as the advocates of the 
test are now promising—then the science of genetics will be able to 
make a further and definite contribution to the subject, provided that the 
foundations for such work have been well and truly laid. 

Furthermore, the productivity of our live stock depends upon the 
close interrelation of the control of disease with nutrition and genetics. 
The Scottish shorthorn was not the product of Amos Cruickshank of 
Sittyton. It was the product of Cruickshank and turnips and straw— 
all three of them from Aberdeenshire. Likewise, the Aberdeen-Angus 
was not the product of McCombie, but of McCombie, turnips, straw, and 
oil-cake. As the biologists and farmers of Aberdeenshire fully appre- 
ciate, the science of the nutrition of our live stock is making great head- 
way. But it cannot outstrip the genetic application. Improved methods 
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of feeding put new stresses on the machine that can only be met by the 
adjustment of the hereditary constitutions of the animals. At present we 
lack the basal knowledge necessary to effect such alterations which the 
future will certainly demand. 

Let me illustrate this. Hitherto the ‘basal ration’ has been a most use- 
ful conception in the theory of feeding live stock. In Edinburgh we have 
two strains of pigs. For the one, the average consumption of meal, per 
lb. of liveweight gain, is over 4 lb.; for the other, the economical pigs, it is 
only about 2} lb. The same holds good for cattle, both for milk and beef. 
Thus, by genetical methods, the interior economy of an animal can be 
modified to suit nutritional requirements. 

Finally, to those critics of the genetical method for the improvement 
of our dairy cattle, I would say: It is worthy of remark that the hereditary 
improvement in the yield of our dairy cows has taken place in the post- 
Mendelian era. The fact that the breeding of live stock has in part been 
reduced to a science has clarified thought and put the practice of live- 
stock improvement upon a logical basis. Moreover, each new generation 
of breeders has no longer to disentangle fact from fancy. ‘The existence 
of the science enables the young breeder to start at the place where his 
father left off. This is no mean achievement to the credit of the science 
of genetics, for it must be remembered that, whereas the improvement of 
the hereditary qualities of crops rests safely in the hands of a few skilled 
research workers, the improvement of our live stock rests with the in- 
numerable breeders of that live stock distributed throughout the world. 
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THE INHERITANCE OF PRODUCTIVITY IN 
FARM LIVE STOCK 


III. BREEDING FOR EGG-PRODUCTION 


A. W. GREENWOOD 
CInstitute of Animal Genetics, University of Edinburgh) 


DiscussING the future possibilities for increasing egg-production in 
poultry, Jull [1] has stated that progress largely depends upon the 
poultry breeder’s ability to control heredity. Further, he suggests that 
‘heredity can be controlled and directed best only when the Tonetudie 
of poultry-breeders develops sufficiently to enable them to select breed- 
ing stock that will transmit to their offspring the most desirable qualities. 
Selection is the keynote in the programme of future development.’ 

Selection without an exact knowledge of the mode of hereditary 
transmission of desirable qualities, but with a belief that they are trans- 
missible from parent to offspring, has been the basis of all breeding 
practices in the past. It has been responsible, together with improvements 
in husbandry, for the tremendous increase in the production records of 
our modern domesticated breeds when compared with the ancestral 
types from which they have sprung. Such advance bears witness to the 
importance of heredity. 

n attempting to assess the possible value of the science of genetics to 
the cause of increased fecundity in poultry, we should begin by consider- 
ing the results that are now obtainable when selection along certain 
definite lines is practised. An examination of the production figures at 
egg-laying contests testifies to the skill of the intelligent breeder in 
developing highly fecund strains of birds. His methods of selection, 
however, when improved flocks are dealt with lead to negligible progress 
over a fairly long period of time. This has been demonstrated by Dunn [2] 
from an analysis of egg-laying contest figures in America. Over a period 
of nine years he found that there was little material change in average 
egg-production. This is very significant. Since only a small percentage 
of a flock of birds is rigorously selected by certain standards for parti- 
cipation in egg-laying trials, it follows that the results obtained represent 
practically the highest individual performances possible with the methods 
of selection now used by breeders. The production of the flock as a 
whole, however, usually falls far short of these individual records, and 
perhaps the most pressing question to be faced from the economic stand- 
point is that of devising a means of raising the figure for average produc- 
tion, even in the most improved flocks. 

The problem of improving egg-yield by breeding has been the incen- 
tive to much scientific en | which has taken the form of analytical 
attempts to define and measure the desirable qualities that a hen should 
possess in order that maximum production may be attained. From 
observation and experiment Gusttdls and Sanborn [3] conclude that there 
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are at least five desirable qualities which, if present in a bird, lead to 
high annual production. These are: 


Early sexual maturity. 

High intensity of production. 
No winter pause in production. 
Non-broodiness. 

High persistency of production. 


Even a casual acquaintance with the hen reveals that for certain periods 
in her reproductive life egg-production ceases for varying lengths of time. 
The most definite gap in egg-laying occurs during the time when the old 
—- is being discarded and the new feather-covering is growing in. 

ince this is a characteristic annual phenomenon, typical of the vast 
majority of birds, it will be seen how important its effect is upon the 
annual-production record of the pullet—a figure which is arbitrarily fixed 
as the number of eggs laid in the 365-day period from the time when she 
produces her first egg. Since the moult is very variable, both in point of 
time and duration, it is obvious that the annual production increases 
in proportion as the onset of the moult is retarded and approaches 
the end of the 365-day period. At the Institute of Animal Sianeli 
Edinburgh, we have several hens among our flock that, over a two-year 
period, have failed to undergo the moult, and egg-production has not 
ceased during this time. This is the ideal persistency. 

High intensity means that a bird must be persuaded to lay as often 
as possible within the prescribed period. ‘Winter clutch size’, i.e. the 
average number of eggs laid in succession up to March 1, is used as an 
indicator of intensity of production, because it has been found to be 
significantly correlated with annual egg-production. 

Most pullets are hatched so that they become sexually mature in the 
autumn. It is rarely found, however, that continuous production occurs 
throughout the winter months without the appearance of at least a few 
successive days on which no eggs are laid. A Sok in the continuity of 
production of this magnitude classifies the bird as exhibiting ‘winter 

ause’. 

‘i Another physiological manifestation that affects the ultimate per- 
formance of a hen is that of broodiness. During this phase of maternal 
expression, egg-production ceases for a variable length of time, and is 
recommenced only after the signs of broodiness have waned. This is a 
problem which affects particularly that branch of the industry concerned 
with the heavy breeds of poultry; broodiness is a comparatively rare 
phenomenon in leghorns, for example. 

Recorded observations of many workers have shown that quick- 
maturing pullets tend to make the highest annual records, and this 
emphasizes the necessity for considering early sexual maturity when in- 
creased records are desired. 

These five qualities are, perhaps, obvious ones to select for, if an 
increase in egg-yield is p arias 2 it will be interesting to see what 


amount of improvement may be obtained in a relatively unimproved flock 
by continuous selection along these lines. Fortunately, the results of two 
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separate experiments are available, one carried out by Marble and Hall [4] 
and the other begun by Goodale and continued by Hays and Sanborn 
[5] (Table 1). 


TABLE I 
Marble and Hall, 1930. Goodale, Hays and Sanborn, 1934. 
Leghorns. Rhode Island Reds. 
Average production increased from 118 Average production increased from 
to 196 eggs. 134 to 222 eggs. 
Percentage increase 66:1. Percentage increase 65:6. 


It is not suggested that such a rate of improvement could be obtained 
in the best flocks by means of selection based on the five qualities out- . 
lined above, because in all probability the higher averages produced 
nowadays have resulted from an unconscious use of these qualities as a 
basis of selection over a comparatively long period of years. Both experi- 
ments started with birds that did not give a very high average egg-yield, 
and continuous selection for increased egg-production was maintained 
over a period of twenty years. The results obtained in both sets of experi- 
ments showed a remarkable similarity in the amount of increase in the 
average yield, and this is the more striking when itgs considered that not 
only were different breeds used, but that the initial egg-production of the 
two flocks was also different. From these experiments it is possible to 
deduce that the methods employed are along the right lines, but the 
question has still to be faced as to what is the final degree of improve- 
ment in egg-yield that may be obtained by these methods. 

From an analysis of their flock records for the years 1928 to 1932, Hays 
and Sanborn [5] show that whereas over 50 per cent. of their birds 
exhibited three or four of the desirable characteristics, and 16 per cent. 
all five of them (Table 2), this improvement was only about one-sixth 
of that theoretically anticipated, for there is no known reason why all 
the birds cannot carry all five desirable characteristics. 


TABLE 2 
Relation of Number of Desirable Characters to Annual Production 

Characters. Birds. Birds. Egg-production. 
Number . Number Per cent.of total Average per bird 

° 31 1°3 149 

I 158 6°9 157 

2 375 163 174 

3 717 201 

4 648 28:2 227 

5 371 16°1 252 


That these particular desirable characters are inherited has now been 
— and a reasonable idea of their mode of inheritance has been 
gained. 

Early sexual maturity apparently depends on two independent dominant 
genes, either of which can produce, for example, the onset of egg-laying 
in the Rhode Island Red breed before the hens are 215 days old. One of 
these genes is sex-linked, the other autosomal (Eo and E’E’). 
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For high intensity of production, also, two dominant genes are neces- 
sary (II and I'l’). Hens carrying gene I have alone an average winter- 
clutch size greater than 2, but less than 2-6. Gene I’ gives a clutch size 
of about 2-6. Both genes together increase the clutch size up to 3 or 
more eggs throughout the winter season. Both genes are autosomal and 
cumulative in effect. 

For winter pause there seems to be only one dominant gene, M. 
Desirable birds therefore carry the recessive form, mm. 

Broodiness has been found to be inherited on a two-factor basis. Two 
dominant complementary genes, A and C, are necessary to produce it. 
There is no evidence of sex-linkage and non-broody birds are of three 

eneral classes: (1) those lacking both A and C; (2) ose carrying A and 
acking C; and (3) those carrying C and lacking A. The latter two classes 
make it evident why broodiness is so difficult to eliminate completely 
from a flock, since females of these constitutions, though not exhibiting 
broodiness themselves, will produce broody offspring if mated to males 
carrying the complementary gene they lack. 
he data for persistency indicate that it is inherited on the basis of a 
single dominant autosomal gene, P. 

So far as experimental work has shown, the ideal hen should have a 
— constitution, with regard to the desirable characters leading to 

igh egg-production, as follows: Eo, E’E’, II, I'l’, mm, aacc, PP. 

It will readily be seen why progress by methods of selection is apt to 
be extremely slow, for there are possible in a flock, 65,496' genetically 
different classes of birds with regard to the five characters involved, and 
only one of these would give fixity of type. Again, since five of the eight 
genes, from which these characters originate, are dominants, distinctions 
between their heterozygous and a forms are small, and at 
= apparently undetected, so that if, as must occasionally occur, a 

en homozygous for all the desirable qualities should arise, the chances 
of its being recognized as such are extremely small. In the case of the 
male, the difficulties are further increased by the fact that, though for 
true-breeding stock he must carry the desired characters in the homo- 
zygous form, yet he cannot in himself exhibit them. 

t can well be imagined then that the chances of producing a strain 
with constant genetical constitution is extremely remote when selection 
methods alone are practised; and it is indeed doubtful whether much 
further progress would be made in the best flocks, although considerable 
— is possible in unimproved stock. nae 

If we refer back to the original statements of Jull that ‘the possibility 
of increasing egg-production depends on the poultry breeder’s ability to 
control heredity’, and ‘that selection is the keynote in the programme of 
future development’, a certain amount of confusion arises. Even with 
the knowledge of the mode of inheritance of the necessary qualities lead- 
ing to high annual egg-production, it cannot be said that a policy of selec- 


1 This figure is taken from Hays’ publication but is obviously incorrect. The 
number of genetical classes possible when dealing with eight genes, only one of which 
is sex-linked, would be 4,374 when females alone are considered, and 6,561 if males 
are considered: a total of 10,935. 
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tion along these lines owes anything to the fact that a genetical analysis 
has been made. In fact, it may be said that ignorance of the genetical 
work should produce about the same amount of improvement in a flock, 
because the qualities selected for are just those which, if inherited, would 
tend to increase production. So far, the service of genetics has been to 
prove what has hitherto been a belief, viz. that certain desirable quali- 
ties are inherited in a definite and orderly manner. 

Unless we are to agree with Babcock and Clauson [6] that the real 
service of genetics to animal breeding lies in promoting clarity of thought, 
the geneticist must show how the knowledge gained by experiment can 
best be used to improve existing breeding practices. In this particular 
field he must show the breeder how he can control heredity. 

The real limitation of selection lies in the fact that, owing to the appa- 
rent similarity of production of the homozygous and heterozygous gene 
groupings, it is impossible to forecast with accuracy the productive 
capacity of all offspring from any mating. To illustrate this with regard 
to one particular quality, say persistency, making use of genetical know- 
ledge, let us suppose that only females showing persistency were selected 
as breeders; they would have either the genetic constitution PP or Pp. 
There could be no evidence from the male himself as to his genetic 
constitution, and so, from matings with persistent females, there are three 
groups, each of two classes, into which his resultant progeny might fall 
(Table 3). 


TABLE 3 
Parents Offspring 
Group 1. PP 3 x PP2—PP all persistent and true-breeding. 

PP xPp —1 PP:1 Pp all persistent, but only half true-breed- 
ing. 

Group 2. Ppg x PP2—1 PP:1 Pp all persistent, half true-breeding. 

Pp xPp —1 PP:2Pp:1 pp three persistent to one non-persistent, 
but two in three of persistent not 
true-breeding. 

Group 3. ppd x PP2?—Pp all persistent, but not true-breeding. 
pp XPp —1 Pp:1 pp one-half persistent, but not true-breed- 
ing. 


The fact that females exist in the stock which exhibit persistency, and 
yet cannot transmit this quality to all their offspring, makes it extremely 
unlikely that, using this as a basis of selection, a strain homozygous for 
the character would ever be developed, even though care was taken to 
breed only from birds all of whose progeny were persistent. Such a pro- 
cedure could only tend to limit the selection of breeders to the first three 
classes, and since only the first is of fixed constitution, a certain number 
of undesirable, i.e. recessive, individuals would almost inevitably occur 
among the succeeding progenies, which might belong to any of the first 
four classes. 

Genetical work has given us at least one clear conception, namely, that 
a bird may exhibit a desirable character, but only be able to transmit 
it to part of its offspring. The immediate application of this knowledge 
could only be made if further experiment were carried out in sufficient 
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detail to demonstrate whether measurable differences between the hetero- 
and homo-zygous forms exist. If this could be done, then the develop- 
ment of homozygous strains carrying all the desirable characters, could 
be rapidly undertaken. Only by this means can the control of heredity 
by breeders be readil deeiindl. 

On the other hand, should this information be unattainable, that is, 
supposing measurable differences in egg-production cannot be found 
between hetero- and homo-zygous forms, the geneticist still has a method 
of attack that would eventually lead to the analysis of the genetical con- 
stitution of any bird. In the first place it aes 5 be necessary to build up 
a stock containing all the homozygous recessive forms of the characters 
to be investigated. This could be done by selection much more easily 
than by the reverse process. The value of selecting for recessive charac- 
ters is well illustrated by the results of selection against broodiness; this 
has been almost completely eliminated from many breeds of fowl, and 
even in breeds like the Rhode Island Red, where broodiness is of com- 
mon occurrence, the value of selection against it is shown in the figures 
of Hays and Sanborn, where the percentage of birds exhibiting this charac- 
teristic phenomenon dropped from 86 in 1916 to 12 in 1932. Theoretic- 
ally then, the building up of a strain of birds homozygous for the reces- 
sive characters should not offer great difficulty. Such birds would have 
the following genetical constitution with regard to the characters selected 
against: eo, e’e’, ii, ii’, pp, aa cc, (late maturity, low intensity, low per- 
sistency of production and non-broodiness). ‘The only character of the 
group that would offer any difficulty would be winter pause, which de- 
pends on a single dominant gene. The recessive homozygous form could 
not be expressed in such a strain of birds because of the activity of the 
other genes selected to give minimum production; this hindrance could 
be overcome, however, by first of all fixing this character in the stock 
from which the homozygous recessive strain would subsequently be 
developed. 

Having once obtained such a strain of birds, it would be possible to 
determine accurately, and well within the productive life of the bird, the 
genetical constitution of any male or female, by means of matings with 
the recessive stock. The desirable qualities, which combine to produce 
high egg-yield, are most probably dependent on the same genes in the 
different varieties of the domestic fowl, so that it would not be necessary 
to obtain testing strains for all the different breeds of fowl. 

Before closing this discussion of the inheritance of egg-production it 
is necessary to emphasize the fact that the survey of the problem has 
been made from the simplest possible genetical angle. We have dealt 
only with the behaviour of certain inherited characters without suggest- 
ing factors that might intervene to complicate breeding practice, and so 
we have omitted to stress the important role played by environment and 
its effect on the expression of the gene. It is obvious, however, that this 
type of reaction also falls within the province of the geneticist—to deter- 
mine how the expression of the genotype may be modified under varying 
environmental agencies. It goes without saying, for instance, that nutri- 
tion plays a most important part in deciding, whether or not, the full 
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genetic capabilities of an animal are to be expressed. Apart from nutri- 
tion, perhaps the most striking effect on egg-production derived from 
control of extraneous environmental influence is that which follows in- 
creased exposure to light. 

Just as we have a measure of the intensity of inheritance from obser- 
vations on parent and offspring in breeding practice, so, to determine 
quantitative effects of environmental factors on gene expression, it is 
necessary to have stock whose genetical constitution is known. 

There is yet another phase of genetical inquiry that may perhaps be 
considered of mainly academic interest, but from which we now have 
indications that it may lead shortly to more practical and less tedious 
methods of controlling heredity than that outlined earlier in this paper. 
In the final genetical analysis the gap in our knowledge which exists 
between the presence of the gene, on the one hand, and the exhibition 
of its end-product—the character—on the other hand, must be bridged. 

Hammond [7] has given us a suggestion as to the type of mechanism that 
may lie between the genes and their characters. In the experiments on 
the increased productivity due to an increased light ration, it is his 
opinion that light acts by stimulating the anterior pituitary gland to 
increased secretion, and this substance circulating in the blood stimulates 
in turn the ovary to increased production. He further suggests that the 
level of this substance in the blood may explain the difference between 
high and low egg-producing strains and breeds. 

It would be interesting to determine which of the five qualities out- 
lined previously as leading to increased egg-production are likely to be 
affected by this stimulus. 

Early sexual maturity. —The relation existing between sexual maturity 
and the anterior lobe of pituitary is too well known to need labour- 
ing, but the work of Domm [8] in Chicago merits a brief notice. By 
suitable injections of a preparation of this gland, he was able to produce 
precocious development in the sex glands and secondary sexual characters 
of fowls, so that some of his male chicks were crowing nine days after 
hatching, and began to tread when only a fortnight old. 

Persistency.—The length of time a bird continues laying after the pro- 
duction of her first egg is limited by the time of appearance of the moult. 
In one of our birds we were able to eliminate the moult by implanting 
anterior pituitary glands from other birds (Greenwood [9]). 

Broodiness.—F rom extracts prepared in our laboratory, Professor F. A. E. 
Crew has been able to produce the typical behaviour of broodiness in 
Leghorn fowls, a breed in which it rarely occurs. Even young hens 
reacted to the stimulus before sexual maturity was reached. 

Intensity and no winter pause-—Gutowska [10] has shown that oral 
administration of anterior lobe of pituitary leads to an increase in egg- 
number. There was an increase in the number of follicles in the ovary, 
and also an increase in their size. The results were most striking in the 
early part of the year (before spring). 

Finally, Parkes lt 1] has shown recently that the removal of this gland 
leads to the atrophy of the sexual glands. 

I have purposely avoided entering into too much detail with regard to 


' 
i 
4 
4 


20 A. W. GREENWOOD 


these extremely significant observations, since at the present time con- 
trol of heredity by these means remains still in the realm of possibility 
and has hardly reached the fringe of probability. An immense amount 
of work still remains to be done. 


Summary 


1. Selection methods practised along the right lines tend to increase 
productivity, particularly in unimproved stock, but seg is slow in 
improved stocks because of the inability of the breeder to control 
heredity. 

2. It has been shown that the desirable qualities to select for are 
inherited and that their mode of transmission from parent to offspring 
has been determined. 

3- Such knowledge need not necessarily affect selective breeding prac- 
tice because of the present inability to distinguish between hetero- and 
homo-zygous forms of these genes. 

4. The application of genetical knowledge to breeding requires either 
a method of distinguishing these forms by their production records, or 
an accessible technique whereby the genetical constitution of an animal 
may be accurately determined. With this knowledge at disposal, the 
fixation of desirable characters in a flock can be readily made. 

5. The field of work of the geneticist covers not only the mode of 
transmission of characters under optimum conditions, but also the effect 
of variations in the environment on the resultant expression of gene 
action. For this it is essential to deal with animals of known genetic 
constitution. 

6. The final phase in the genetical analysis concerns the relation 
between the gene and the mechanism by which the end result—the 
character—is produced. The possibility of the control of heredity 
through the control of physiological processes is foreshadowed. 
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THE INHERITANCE OF PRODUCTIVITY IN 
FARM LIVE STOCK 


Pr. IV. WOOL 
J. E. NICHOLS 


(Wool Industries Research Association) 


THE general title of these papers suggests a wider field for consideration 
than that simply of the inheritance of wool-characters, which has been 
reviewed recently by Miller [1]. In the first place, it is to be remembered 
that the fleece, as a covering during life, contributes to the hardiness of 
the animal in its ability to survive the rigours and changes of environment, 
and is therefore concerned in the other activities of the sheep, for meat- 
production, for breeding surplus stock, in some countries for milk, and 
soon. It is an agent, though indirect, in promoting the efficiency of the 
sheep as a producer of those commodities which the sheep-breeder hopes 
will be profitable to him. Herein it gives rise to problems in produc- 
tivity rather remote from those occurring in the other animal products 
dealt with in these articles. 

Fibre-growth is a more intimate function of the sheep’s activity than 
is, say, milk-production of the cow’s and egg-production of the hen’s. 
It begins in early foetal life and ends only at death. There would thus 
appear to be three different primary sets of environmental conditions to 
which it is exposed, viz. (1) the relatively constant foetal environment, 
during which, however, the follicles inter se are affected by the sequence 
and density of their development [2], (2) the early post-natal, representing 
a change in life-habit towards (3) the post-weaning, quite independent 
life, in which the animal attains maturity, becomes a functional rumi- 
nant, and so exposed to all the exigencies of nutritional environment inci- 
dental to free-grazing animals. 

The changes that occur with general development are obvious in many 
breeds. Many Merino lambs are born hairy; the birth-coat hairs are 
shed or lost, and leave the growing lamb with a fleece of practically pure 
wool. The lambs of some of our Down breeds, especially the Suffolk, 
are more or less darkly coloured at birth; by shedding on replacement, 
the relatively pigment-free adult coat is acquired; from maturity on- 
wards we find other changes in fleece character. Recent work on time ot 
age changes, from birth to maturity, is pervaded with the idea that 
definite relationships exist between natal and adult coats, and that selec- 
tion for desirable adult fleece-characters can be exercised early in life [3]. 
It is clear that not only is the follicle-population variable in time, but also 
the forms of the fibre-product are alterable. 

Throughout the adolescent and mature phases the changes in fleece- 
growth that can follow alterations in nutritional level are very varied, 
and may be of some magnitude. For example, in one case, which 
has been studied, of an Australian Merino fleece, it was estimated that 
in terms of average fibre-volume per month, the rate of production 
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suddenly accelerated by over 100 per cent. at one period of the year [4]; 
and the wool-fibres are not the only products of the skin-and-follicle 
system which make up the growing fleece [5]. 

But so far as wool-productivity is concerned, we are mainly involved 
in considering wool as an annual crop of some direct value to the farmer. 
For the most i yo its course to the real consumer is peculiarly tortuous 


and prolonged, and through the innumerable mixings which occur the 
individual fleece loses all its identity. The cash value of the wool cro 
to the farmer is ordinarily some function of the weight of raw aoe j 
the proportion of grease and other non-wool materials in the raw fleeces, 
and the estimated fitness of the amount of actual pure wool present for 
particular manufacturing purposes. These three factors are very vari- 
able, from one animal to another, from flock to flock, between different 
breeds, and according to locality and husbandry. Moreover, when the 
wool-using industry 1s viewed as a whole it is readily appreciable that 
absolute uniformity of the supply of raw material is not desirable. Of 
the inherent attributes of the wool-fibres in the fleece which affect its 
manufacturing utility, length, soundness, ‘quality’ or fineness, uniformity, 
trueness to its particular type or breed, and general character, may be 
mentioned, but of these only length and fineness are readily measurable, 
and have therefore been studied most. 

Themostuseful combination of thesecharacters fromthe manufacturer’s 
point of view is not necessarily that which the farmer would consider 
optimal, quite apart from other attributes of the fleece with which the 
latter is concerned. For example, fleece-density, in part contributory to 
fleece-weight, is of more direct interest to the breeder than to the user, in 
so far as it is involved in the rain-coating action of the fleece. Yet it is 
apparently not always dissociable from the length-fineness complex. 

n view of such interrelations it is perhaps not surprising that the 
majority of investigators conclude that apart from questions of colour, 
the inheritance of most fleece-characters is dependent upon multiple 
factors. 

Apparently conflicting results have, however, been noted. For ex- 
ample, whilst Hill [6] found the F, intermediate in wool-fineness in Hamp- 
shire-Rambouillet crosses, Davenport and Ritzman [7] noted that the F, 
approached the coarser-woolled Hampshire parental type; yet these in- 
vestigators also describe intermediate F,s in crosses involving South- 
down and Oxford rams and Rambouillet ewes with a tendency to approach 
the finer-woolled parent. At the same time, they record in the Oxford 
cross an F, wool-length approximating that of the Oxford, suggesting 
dominance of the longer-wool type, whilst in the Southdown and Hamp- 
shire crosses, the F, had longer wool than either parental form. Observa- 
tions on Scotch Halfbred (Border Leicester ram x Cheviot ewe) also indi- 
cate partial dominance of the longer wool, but if amount of fibre (i.e. 
volume) is considered, then these conclusions may have to be modified, 
since in this cross the F, average fibre-volumes tend to swing towards 
the Cheviot parental type rather than the Border Leicester [8]. 

If we admit that multiple-factor systems determine fleece-character 
inheritance, two important considerations arise. The first is the apparent 
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futility of searching for single genetic factors which may override or pro- 
foundly affect the fleece-complex of wool characters. Miller [1] has raised 
this point, but re-emphasis is not out of place. The second concerns 
methods and degrees of selection. The suggestion can be made that some 
of thedivergent results of investigations are explicable on the grounds that 
one parental form has been selected more rigorously, oris less heterozygous, 
for one particular fleece-character and exhibits a degree of prepotency, 
just as inordinary breeding practice appear strains or individuals decidedly 
impressive. Conceivably, such an interpretation may be applicable, for 
example, in the first and second generations of the Border Leicester- 
Cheviot cross, which show bimodal frequency distributions of fibre- 
length similar to those found in the Border Leicester [8]. 

Selection for wool-productivity is in practice pursued within the single 
breed or flock; in slits husbandry its objects are generally to reduce 
the variability of fibre-character on each animal and as one animal to 
another, i.e. within the flock or breed, as well as to improve performance 
in some desired direction, such as greater density, higher fleece-weight, 
better yield or longer staple. Outstanding examples of the progress of 
such selection are to be found among the ‘stud’ Merino flocks, and from 
them we can draw conclusions, not only as to the methods of improve- 
ment, but also as to the ways in which the geneticist may accompany 
the practical breeder. 

In multiple-factor situations, the phenotype closely reflects the geno- 
type. In the stud flocks we find that whereas first selection may be 
phenotypic, the progeny test is widely applied, and the method of breed- 
ing involves a progressive infiltration of a genotype throughout part of 
the flock. Thus, briefly, a stud ram will be mated to a few selected stud 
ewes, some of his ram offspring will be mated to other stud ewes, and so 
on until, when proved, his influence can be applied where necessary in 
the flock. Even in the larger commercial Socks some selected ewes are 
retained almost solely for use with introduced rams, to breed rams for 
general service, forming a ram-testing and breeding flock within the 
main flock. But the function of the studs, or pedigree flocks, is to supply 
so-called ‘flock rams’ for use elsewhere, which means, in many different 
environments. The breeders realize the importance of the extraordinary 
effects of environment on the animal and its fleece; hence a certain vari- 
ability of genotype is deliberately maintained so that the different de- 
mands for flock rams may be met. To this end the variability is kept 
possibly relatively greater among the top stud animals than among the 
flock ewes. 

But in surveying the wool-producing countries one cannot help being 
impressed by the remarkable way in which certain localities are pre- 
eminent for selection and improvement, constituting in effect centres for 
the breed from which emanate stock for commercial use in other areas. 
The type most successfully or most readily developed in one breeding 
centre is, however, not necessarily very like that from another. Further, 
they do not perforce react in precisely the same way when transported 
to yet another environment. 

A few instances from the many may be quoted. In the British Isles 
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is a multiplicity of breeds, almost every one possessing a territory within 
which it either predominates or produces stock for crossing, and there 
are also local variations in type of practical importance. In Australia, 
among the Merinos, are the South Australian, the Riverina, and other 
New South Wales forms of strong wools; stocks of strong or medium- 
wool origin exhibit different characters when pastured in fine wool areas, 
whilst among the fine wools distinction can be made, for example, 
between the Sisson Victorian, and New South Wales types. Parts 
of the Karroo areas in South Africa form fountain heads of improved 
breeding stock for use in other regions of the Union, and in New Zea- 
land, among the Romneys, different localities apparently demand dif- 
ferent strains. 

In all cases it is, or should be, the general balance of fleece-characters 
that is borne in mind. Only a few days ago, discussion with a New 
Zealand breeder revealed that he had been attempting to increase his 
fleece-weights by selecting for greater naleteal but he had found 
that at a certain stage the wool suffered by the tips of the staples becom- 
ing more weathered and wasted. Thus it was better to sacrifice the extra 
length and weight for soundness throughout the staple. 

All these considerations add force to the principle that the pre-requisite 
for selection is that environment which allows the clearest expression of 
genotype. In the field of wool-productivity, to aid in the recognition of 
genotype and to gain accurate knowledge of ANG ga to which it gives 
rise in other environments, are objectives which the zoologist may well 
pursue. 
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* THE INHERITANCE OF PRODUCTIVITY IN 
FARM LIVE STOCK 


Pr. V. DISCUSSION OF PRECEDING CONTRIBUTIONS 


L. LUSH 
(Iowa State College, Ames, Iowa, U.S.A.) 


CLARITY — be served by discussing these four papers from two stand- 
points: firstly, the inheritance of productivity as a scientific fact, or 
series of interrelated facts, and secondly the methods of using those 
facts and interrelations most efficiently to advance the aims of animal 
breeders. Efficient application of fundamental knowledge to the solu- 
tion of present problems may not automatically follow the discovery of 
that knowledge. Research in methods of application may be quite as 
necessary as research in discovery of the principles themselves. 

So far as concerns inheritance, each paper has stressed the complexity 
of the topic. It seems certain that for each trait there are many genes 
involved. No doubt these genes interact with each other and with the 
environment in many ways besides the simple additive way that may be 
—— most readily in generalized formulae. 

ach paper has also stressed the necessity for keeping the animals in 
an environment that would permit differences in productivity to develop, 
although the philosophical explanation for this necessity varies among the 
speakers. Dr. Hammond holds that the genes change adaptively in direct 
response to the environment, whereas most of us hold that such gene- 
changes have not been demonstrated experimentally, even by the many 
experiments expressly intended to find them, and, moreover, are not 
necessary to explain the facts, either of animal breeding or of evolution. 
Hence we would argue that there is no necessity for invoking such a sup- 
posed direct effect of environment on genes, even as a working hypo- 
thesis. ‘The necessity for keeping animals under an environment that 
will permit them to show their differences in productivity, arises from 
the fact that conscious selection for such differences is possible only 
when and as far as such differences are permitted to develop to a recog- 
nizable degree. 

The sharp line which Dr. Hammond proposes between ‘develop- 
mental’ and ‘mutational’ characteristics ne pi I think, be accepted as 
valid by many workers, either in animal breeding or in more classical 
branches of biology. Most of us would hold that all characteristics are 
developmental, depending for their full expression upon the interactions 
of the genes with each other and with environment as well. From this 
standpoint, highly hereditary characteristics are those in which most of 
the variance we ordinarily see is due to differences in the genes which 
different individuals have, whilst faintly hereditary characteristics are 
those in which most of the variance ordinarily occurring is due to dif- 
ferences in environment to which different individuals have been exposed. 
Characteristics may further be classified according to whether the here- 
ditary portion of the variance is due to few factors and shows sharply 
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discontinuous classification, or many genes are involved and yield a prac- 
tically continuous series of phenotypes. From this standpoint the dif- 
ferences between highly hereditary and slightly hereditary, or between 
continuous and discontinuous, characteristics, although highly important 
practically, involve no differences in fundamental principles, but only 
differences in the number of genes involved, or in the proportions of the 
total observed variance resulting from genetic differences and from en- 
vironmental differences. 

So much for the fundamental facts concerning the inheritance of pro- 
ductivity. Before applying those facts to breed Meher productivity into 
a breed or strain of animals, as an engineer would apply the fundamental 
SS of physics and mechanics to such a task as the building of a 

ridge, measurements are needed of the magnitude of the forces involved, 
just as the engineer would need measurements of the loads his bridge 
was expected to carry, the amount and seasonal distribution of the water- 
flow which must move down the stream under it, the number of years 
before it is expected to become obsolete, the amount of money available 
for construction, &c. I venture the opinion that in general this is the 
least explored field of applied genetics, and that neglect to measure and 
integrate properly these variables is the major cause for the mistakes and 
unsound proposals that are sometimes made, even by those whose know- 
ledge of biological fundamentals is not seriously deficient. 

It will not have escaped notice that all four speakers have mentioned 
selection as a first step in breeding for productivity, although they differ 
considerably in their optimism as to its sufficiency. I would here call 
attention to only two aspects of the question of how intense selection can 
be, even in the idealized case where the man doing the selecting is pos- 
sessed of complete knowledge of the genotypes of his animals. ‘The first 
is that saenell fertility and longevity set serious limits to the intensity 
of the selection which may be practised. Each parent must eventually 
be replaced by another, even in a population static in size. What propor- 
tion of the female offspring must be saved for replacements? What 
proportion of the males? Here is a whole field of what we might call 
the vital statistics of farm animals’ which is as yet only slightly explored. 
In dairy cattle, about 50 to 60 per cent. of the heifers must be saved, 
merely to replace their dams, which are being lost by disability, old age, 
and other causes of death. In swine, perhaps 1o per cent. of the gilts 
would be enough; perhaps 7 or 8 per cent. would be enough in excep- 
tionally well-managed herds. In chickens, perhaps 2 per cent. of the eggs 
that might possibly be hatched into pullets would be enough for replace- 
ments. These figures set serious and varying limits to intensity of selec- 
tion in the first place. One must begin with the material available. 
There is small use to talk of the advantages of selecting breeding-stock 
homozygous for high productivity if less than 1 per cent. of the popula- 
tion is of that genotype, and if one is forced by reproductive rates to save 
10 or 50 per cent. of the whole population for breeding. 

The second point concerning the intensity of selection is that such 
intensity is weakened (much more than is generally realized) by the 
inclusion of more and more items in the ideal; that is, by considering 
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many different characteristics in making the selections. In the idealized 
case, where n independent, equally important characteristics are to be 
considered in the selections and x is the proportion of the population 
which must be saved for replacements, the selection intensity for each 
characteristic singly is the same as if the mth root of x were the propor- 
tion which must be saved. Thus, if one needs only to save one-tenth 
of the offspring, but pays equal attention to eight independent charac- 
teristics, the intensity of selection for each such characteristic is no greater 
than if attention had been paid to the characteristic alone, but it had been 
necessary to save three-fourths of all offspring born. This, I think, is 
the only general basis of real antagonism between breeding for produc- 
tion and breeding for ‘fancy points’, namely, that each additional point 
considered must necessarily weaken the selection which might otherwise 
have been practised. Nevertheless, the practical breeder must pay atten- 
tion to several things, even though he understands perfectly this weaken- 
ing effect. 

Besides estimating how intense his selections can actually be, one 
needs (if he is to estimate the outcome at all accurately) to Ri first 
what portion of the observed variance is genetic in the narrow sense, 
which includes only those gene-combination effects that can be expressed 
by some additive scheme; second, what portion of the variance is due 
to gene-combination effects that cannot be expressed additively; and 
third, what portion of the initial variance is purely environmental in 
origin. Of course such a division is not absolutely correct to the last 
detail, since in actual practice there will be interactions between the three 
kinds of variance. For instance, some genotypes may be more plastic 
to environmental influences than others. If that be the case, and if the 
breeding system increases the frequency of the more easily influenced 
genotypes, then the environmental portion of the variance will likewise 
increase, although the environment does not change. If extreme refine- 
ment is important, and if the necessary data are available, a more detailed 
division may be made specifying how much variance is due to such inter- 
actions. However, in most practical problems, such refinements will 
usually produce but small gains compared with the considerable amount 
of approximation still remaining. Usually, the first approximation given 
by dividing the variance into the three parts named above will be suffi- 
cient for the purpose of practical application. 

Only the genetic variance that can be expressed additively is subject 
to simple mass selection. The refinements of selection methods, such 
as the progeny test or the judicious use of pedigree information, serve 
mainly to reduce somewhat the errors that are introduced by the other 
sources of variance. For instance, if one third of the variance in milk- 
yield of a breed of dairy cows is genetic in this narrow sense of the word, 
and if the breeders pay no attention to bulls, but select the cows so inten- 
sively that those saved for breeding average 150 gallons more than their 
entire contemporary generation, one can expect the next generation to 
average about 25 gallons above the generation in which their parents 
were born. When compared with the 150-gallon ‘selection differential’, 
the 25-gallon gain may appear disappointingly small. No doubt this 
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explains the fact that in every country the voices of zealous enthusiasts 
are sometimes heard proclaiming that the old methods of selection and 
attention to pedigree are useless, but that the latest panacea of progeny 
test, sire index, or what not, will accomplish all that the old methods are 
condemned for not doing. 

In the example just quoted, the complete and exhaustive use of a pro- 
geny test for the selection of bulls, while still using the same standard of 
selection for the cows, could about double the rate of progress, the exact 
figure depending much upon what portion of the tested sires it is finally 
necessary to save for replacement purposes, and on what portion of the 
dams of the future breed are sired by bulls being tested, and what por- 
tion can be sired by bulls after they have been proven. Such a doubling 
of the rate of progress would be an achievement important enough to 
justify much enthusiasm for proven sires. Yet the point I wish to make 
here 1s that the difference is not between methods that are wholly right 
and methods that are wholly useless, but between methods of selection 
that use more or use less of the information which is available or might 
be made available for selecting. The difference is in degree more than 
in kind. Too often the old method is condemned because it does only 
what a more careful study and measurement would lead us to expect it 
to do, whilst a method heralded as new is, on account of its plausibility, 
extolled far beyond what we really have a right to expect of it. 

For further example: if the selection practised were only that of saving 
bulls from the high-producing cows, what has one a right to expect: 
That is tantamount to predicting cows’ yields from the yields of their 
paternal —- et one would expect such cows to exceed the 
average of what their generation would have yielded without selection, 
by an amount approximately equal to one-fourth of that fraction of the 
variance which is additively genetic, multiplied by the amount by which 
the paternal grandams’ yields actually exceeded the average of their 
generation. Thus with one-third of the variance genetic and a selection 
differential of 150 gallons for the paternal grandams one would expect 
an increase of only about 12} gallons in the granddaughters. This might 
naturally seem almost no increase at all to those who had been led by innu- 
endo to think that they had a right to expect in the granddaughters an in- 
crease almost equal to the selection differential practised on the grandams. 

These calculations are crude and sketchy and do not include, for ex- 
ample, what may be expected when selection is practised simultaneously 
on dams and sires, grandams and grandsires, but naturally with varying 
intensities on each, and with varying degrees of knowledge about each. 
These illustrations have been used to show what kinds of Cstiindes are 
needed, and how one should proceed to make a business-like estimate of 
the probable gains to be derived from various methods of selection, 
progeny-testing, &c. Not until such a valid estimate is made, is one in 
a position to decide whether a given procedure is likely to provide gains 
that will more than offset its costs. In preparing these estimates, there is 
work in plenty to be done in measuring reproductive rates, selection 
differentials reasonably attainable, the genetic portion of the observed 
variance, &c. 
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In addition to the genetic variance that can be expressed by an additive 
scheme, there is a portion (perhaps a very large portion in stocks that 
are already improved) of the variance which is genetic in a broad sense, 
but cannot be expressed additively because the gene combinations inter- 
act in other ways. Such gene interactions include inhibitory, multipli- 
cative, complementary and epistatic effects, and also what may be a very 
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SCALE OF THICKNESS OF BACK FLESH. 


Diagram illustrating the case where the maximum of desirability may be produced 
by an intermediate combination of genes. In such a case selection usually produces 
noticeable results in the first few generations it is practised, but rather quickly 
approaches a limit beyond which progress is not made, although hereditary vari- 
ability still remains. Further progress can often be made if some combination of 
inbreeding and outbreeding is practised along with continued selection. 


common class of cases where that which is optimum in the breeder’s 
opinion is genetically intermediate. For instance, in bacon swine too 
thick a back is as undesirable as a back too thin. Hence, although the 
genes affecting thickness of back might perhaps act additively in terms 
of linear measurements to make the back thicker or thinner, yet they 
would not act additively when measured on the scale of how much more 
or less desirable they make the bacon carcase. That is illustrated sche- 
matically in the accompanying diagram. Another example, outwardly 
different but the same in principle, may be furnished by dressing per 
cent. in swine. Other things being equal, the higher the dressing per 
cent. the more desirable the pig from the butcher’s viewpoint. From the 
grower’s standpoint there must be some limit to this. The pig must have 
a certain weight and volume of digestive and other vital organs if it is 
to be healthy and thrifty. Hence, considering everything, the ideal pig 
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in this respect will be something of a compromise between two partially 
irreconcilable ideas, having a dressing per cent. somewhat lower than 
the butcher wishes but somewhat higher than the grower would wish 
if he could afford to disregard the butcher’s desires. It is characteristic 
of such cases that the individual genes cannot be rated as either good or 
bad, since the directions of their effects are so dependent upon the com- 
bination of other genes present. Hence selection is for or against gene 
combinations as such, rather than for or against the constituent genes of 
those combinations. On the other hand, the mechanism of inheritance 
is such that the genes and not the gene combinations are the units of 
inheritance. 

The problem presented by such variance can be solved by the use of 
inbreeding to differentiate the stock into genetically distinct strains or 
families, with rare outcrosses between such families to restore the variance 
and make new combinations possible. Such a differentiation into lines 
should permit inter-family selection, which would be more effective than 
individual selection. However, the proper balance to be maintained 
between the intensity of inbreeding, frequency of outcrossing, and inten- 
sity of individual and family selections, in order to promote the maximum 
rate of progress, offers a whole series of problems, the complete solution 
of which may well vary from case to case and require continued research 
for years to come on a scale not yet approached in any country. 

In summary, then, we are agreed that inheritance is complex, and that 
each trait must be studied for itself from several points of view. We are 
also agreed that the first practical step in breeding is selection under an 
environment which will permit the genetic differences between indi- 
viduals to manifest themselves as definitely as possible. We are agreed 
that progeny tests and, at least, a little initial attention to pedigree are 
— helpful. We are not agreed as to the relative amounts of attention 
that should be given to individual performance, pedigree, and progeny 
test. We are agreed that it is desirable (as Mr. Smith especially a em- 
phasized) to control environment as much as Fs saga so as not to be 
misled by it when making selections, but we differ in our optimism as to 
how complete control can be in actual practice. We are not entirely 
agreed as to the gains that will accrue from a complete and detailed know- 
ledge of the technical genetic situation in each case. We are far from 
agreeing on the importance which inbreeding and outcrossing should 
receive in breeding for productivity. 

I hope that such discussion as this, which of itself solves no problems, 
may nevertheless contribute to their solution by formulating them more 
clearly, and particularly by presenting to our colleagues in more classical 
branches of biology some view of the nature and complexity of the 
problems that are still unanswered. Measurement looms large in such 
problems. This explains the importance of quantitative methods in 
applied genetics. 

(Received October 2, 1934) 
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THE EFFECT OF SHADE ON AMERICAN COTTON 


R. L. KNIGHT 


(Empire Cotton Growing Corporation, Wellcome Tropical Research Laboratories, and 
Gezira Agricultural Research Service, Sudan) 


LarGE tracts in the south-western Sudan and in Uganda give but poor 
yields when cotton is introduced as a crop, yet examination of these areas 
shows nothing in the way of rainfall, soil, or pests which is likely to be 
a decisive factor in crop-production. A notable characteristic of these 
regions, however, is the prevalence of long periods when the sky is more 
or less heavily overcast. It was suggested that the depressed yields 
obtaining in such areas might be attributable to the high proportion of 
overcast days during the growing-season. Canney [tr], in writing of the 
climatic limits of rain-grown cotton, points out that ‘. . . abundant sun- 
shine has not yet received sufficient attention, and it does not appear that 
the limit of cloudiness beyond which cotton growing is hazardous has 
ever been defined. The muggy weather and even cold humid conditions, 
which are associated with the excessive cloudiness of large areas in the 
Tropics, are fatal to the production of good quality cotton.’ 

It was manifestly impossible to test the effect of cloudiness in the dis- 
tricts in question, and an experiment was designed and carried out during 
two successive years at Shambat,' by the writer, to see whether an arti- 
ficial cloud-effect produced a marked depression in the yield. 

The results of this experiment, though they provide a strong indication 
that cloudiness greatly depresses yield, are not susceptible of statistical 
treatment, but the differences obtained are nevertheless of such magni- 
tude as to carry conviction. 

The investigation of the effect of shade presents great practical diffi- 
culties because any experiment designed on a sound statistical basis, 
would, of necessity, be extremely cumbersome. Also, under irrigation 
conditions, the point at once arises, whether shaded areas are to be 
watered as frequently and as heavily as unshaded areas. In the first 
year’s experiment, watering was the same for both areas, as it was felt 
that this gave a more ‘muggy’ atmosphere under the shade, which would 
more nearly approach the humid conditions associated with overcast 
areas. In the second year there were three treatments; a ‘Medium Shade’ 
(comparable with the first season’s shade), a ‘Heavy Shade’, and a ‘No 
Shade’ area. These areas were all watered at the same intervals, but 
a differential watering was given, the Heavy Shade receiving least. 

In the 1931-2 experiment an area of 20 x8 m. was shaded by a roof 
of damour* cloth, stretched at a height of five feet above the cotton ridges, 
with the main length running east and west, and sloping ‘eaves’ of cloth 
along the ends. This area, together with a corresponding unshaded area, 
both adequately belted, was then sown with ‘Delrect II’ cotton (a Delta- 


' Shambat is in the northern Sudan, in the immediate vicinity of Khartoum. All 
crops there, including cotton, are grown entirely under irrigation. 
2 Damour is a coarse, white, cotton cloth. 
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Webber selection), at a spacing of go cm. between the ridges and 45 cm. 
between the ‘holes’ (each containing two plants). 

The 1932-3 — was of similar design, except that there were 
three areas: a Medium Shade, comparable with that of the previous 
year, and produced by a roof of the same damour material; a Heavy 
Shade, consisting of two layers of hessian; and a No Shade area. The 
hessian used for this purpose was of rather open weave, and even when it 
was doubled, the sun could be seen through it and the plants under it 
were lightly flecked with sunlight. The gross area of each shade was 
20 4 5°5 “ with the length running from east to west and sloping eaves 
at the ends. 


The soil was very regular, and the spacing and variety used were the 
same in both years. 

In 1931-2, four shedding-troughs of the type described by Bailey and 
Trought [2] were placed in position five adhe: after sowing; two under 
the shade and two in the outer area. Each trough was designed to catch 
half the sheddings from twelve pairs of plants, but observations indicated 
that the troughs collected rather more than half. Daily flower-counts 
were made throughout the season on the plants that had been provided 
with these troughs, and the sheddings were daily collected and classified. 
In addition, full records were made on a hundred observation plants 
selected at random, fifty being in the shaded area and fifty outside. Open 
bolls were picked and outa daily from the shedding-trough plants, 
and weekly from the observation ‘holes’, i.e. on a hundred plants per 
treatment. 

In the following year, shedding-troughs were not employed, but very 
full records were made on thirty ‘holes’ in each of the three areas, 
flower-counts being carried out on both plants in the ‘hole’ (i.e. on sixty 
ay ie treatment). Each flower was tagged and dated, and a record 

ept of flowering, plant by plant, throughout the season. Complete 

lant-diagrams were made fortnightly, and boll-shedding was calculated 
™ deducting the number of bolls present on a plant from the total 
flowers borne by that plant. Bud-shedding was arrived at by subtracting 
the number of bolls shed from the total number of blank nodes on the 

lant. 
' In both years weekly records were made of height and nodes, and of 
the total number of leafless nodes on the main stem. In all records the 
cotyledonary node was taken as ‘o’. 

he effect of shade on growth—Fig. 1 shows the growth-rate, node- 

development rate, and leaf-fall in all the experimental areas for both 
seasons. In neither year did the damour shade (Medium Shade) have an 
appreciable effect on height till after the first seven weeks from sowing, 
but nineteen weeks after sowing, the 1931-2 shaded plants averaged 
25 cm. more than the unshaded, whilst the 1932—3 Medium Shade plants 
were, on an average, about 7 cm. taller than the No Shade by October 31 
(eleven weeks after sowing), and this difference remained fairly constant 
till the end of the season. 

In the first season the damour plants were taller than the unshaded 
plants and produced more nodes; in the succeeding year they were taller 
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than the others (though not so pronouncedly) but produced fewer nodes. 
In both cases, however, the internodes of the shaded plants were longer. 

The Heavy Shade (double hessian) was tried only in the second season, 
but the effect on height was very marked (Fig. 1 (a)). Both height and 
number of nodes were much reduced and the internodes (especially those 
produced later in the season) were shorter, bringing the height and node 
curves closer and closer together as the season advanced. 
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Average height (in cm) 


Average height (in cm) 


3S 


Medium 


Sept. Oct. Nov. Dec. Jan. Aug. Sept. Oct. Nov. Dec. 
Fic. 1 (a). Growth, node-development, Fic. 1 (6). Growth, node-development, 
and leaf-fall in 1932-3. Sowing date and leaf-fall in 1931-2. Sowing date 
August 14. July 31. 


Effect on leaf-shedding —The shedding of primary leaves is very con- 
siderably reduced by shading with damour and still further reduced 
er a heavy shade. These effects are clearly shown in Fig. 1 (a) 
and 1 (bd). 

on position of lowest sympodium ( fruit-bearing branch).—Shading 
was found to delay the production of sympodial fruiting branches. ‘The 
delay was definite, but very slight, when medium shade was given, but 
with heavy shading the effect was very marked indeed. In 1932-3 onl 
nine out of the thirty recorded sisens bed produced any sympodia at all 
in the heavy-shaded area, after the elapse of twenty weeks from the time 
of sowing, and all these nine were situated near to the edge of the shaded 
area, where they received rather more light. ‘The unshaded, but other- 
wise comparable, plants in that year had produced eighteen fruiting 
branches in the same interval of time. The ‘delay’ was, in all cases, due 
to the suppression of those lower buds on the main stem which would 
otherwise have given rise to sympodial branches. 
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Effect on structure of stem and root.—The average diameters of root, 
hypocotyl, and stem of the Medium Shade plants were almost identical 
with those of the No Shade. Under the Heavy Shade, however, root- 
diameters were reduced to from a quarter to a third of the normal, hypo- 
cotyls tofrom a half to a third, and stems to half size. The depth of rooting 
also was reduced under the Heavy Shade. 

The No Shade stems showed a gross xylem area in cross-section of 
about 60 per cent. as against 50 per cent. for the Medium Shade and 
20 per cent. for the Heavy Shade. This was rather to be expected as a 
result of the reduced water-strain under shade conditions. 

The No Shade roots, however, showed a very slightly smaller gross 
—_ area in cross-section than the Medium Shade, which again was 
slightly less than the Heavy Shade. To offset this, there was a greater 
degree of lignification in the No Shade and Medium Shade sections as 
compared with the Heavy Shade. 

These results agree for the most part with the work of Penfound [4]. 

Effect on numbers of fruiting branches and fruiting nodes.'—The Heavy 
Shade made a tremendous difference to the plants. Under it there was 
an almost complete suppression of fruiting branches and consequently 
of fruiting nodes; even where sympodia were produced, they rarely 
exceeded 0-5 cm. in length and carried only minute buds. 

In the first season rather more fruiting branches were produced per 
plant under the Medium Shade than in the No Shade area, but the 
reverse obtained in the second season. 

As can be seen from the 1932-3 results (Fig. 2), the unshaded plants 
produced far more ‘fruiting nodes’ than the Medium Shade plants (63-4 
per plant as against 44-1). This outstanding difference was due to the 
fruiting branches on the unshaded plants being longer and having more 
nodes than those of the shaded plants—a fact observed in both seasons. 

This marked difference in fruiting-node production between the two 
treatments is somewhat discounted by the larger number of ‘blank’ nodes 
(i.e. nodes from which the buds, flowers, or bolls have shed) on the 
unshaded plants. In Fig. 2 the difference in height between the blank- 
node and fruiting-node curves shows the number of nodes on the plant 
actually bearing either buds or bolls at any particular time, i.e. it is equal 
to the height of the boll curve plus that of the bud curve. It will be seen 
that, despite the increased number of blank nodes on the sympodia in 
the No Shade area, the total production of fruiting nodes was such that 
the unshaded plants still produced almost exactly twice as many bolls 
as the Medium Shade plants. 

Effect of shade on shedding, flowering, and boll-production (Figs. 3 
and 4).—An examination of Fig. 3 indicates that very considerably less 
bud-shedding and boll-shedding took place in the case of shaded plants. 
This would have led to the production of a larger crop from these plants, 
had not the total production of buds been very much reduced on those 
plants which were shaded, the net result being a marked depression in 
flower- and boll-production (Fig. 4). 


! The term ‘fruiting nodes’ is used throughout this paper to mean all nodes, either 
on primary or secondary sympodia, which bear, or have borne, a bud, flower, or boll. 
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3 17 

Oct. 

Fic. 2 (a). Medium Shade. Fruiting 
nodes, blank nodes, sympodia, buds, 
and bolls graphed as average totals per 
plant per fortnight 1932-3. Sowing 
date August 14. 
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Fic. 2 (6). No Shade. Fruiting nodes, 
blank nodes, sympodia, buds, and bolls 
graphed as average totals per plant 


per fortnight 1932-3. Sowing date 
August 14. 
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Fic. 3 (a). Bud- and boll-shedding 
1931-2. Cumulative averages per plant. 
(Figures from shedding-troughs.) 


9 3 3 30° 12 31 
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Fic. 3 (6). Bud- and _ boll-shedding 
1932-3. Cumulative averages per plant. 
(Figures from plant-diagrams.) 
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This reduction of buds was so intense under the Heavy Shade in 1932-3 
that the plants subjected to this treatment produced an average total of 
only 1-57 buds woe during the season, and of these 0-70 was shed. This 
figure of 1-57 compares with 63-40 and 44:10 for the No Shade and 
Medium Shade areas respectively. Furthermore, the development of such 
buds as were produced was so hampered by the Heavy Shade that no 
flowers were ever formed. 

The daily collections made with the shedding-troughs in 1931-2 show 
(Fig. 3 (a)) a very much higher rate both of bud-shedding and boll- 
shedding under unshaded conditions than under the Medium Shade, 
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Fic. 4 (a). Flowering curve, 1932-3, of Fic. 4 (6). Flowering curve, 1931-3, of 
60 plants per treatment. Sowing date 48 plants per treatment. Sowing date 
August 14. July 31. 
and thus corroborate the figures obtained from plant-diagrams in the 
succeeding season (Fig. 3 (b)). ‘The trough-system, however, does not 
give an accurate basis for calculating the shedding per plant; it is designed 
more as a means of obtaining a sample of the sed oh ae for classification 
into size-groups and for pest-investigation. The actual indications are 
that buds are shed at an earlier stage of development and bolls tend to 

remain on a little longer under shade conditions. 
Effect of shade on final yield —As can be seen from the following table, 
shading produced a very striking reduction in yield: 


Total yield (lb.) Mean yield per observation hole (gm.) 
1931-2 1932-3 1931-2 1932-3 


27'0 20°8 59°8+2°3 s.e. 48:0+2°6 s.e. 
Medium Shade ; 10°3 72 s.e. 14°7+1°2 s.e. 


Effect on maturation-period of bolls —In 1932-3 the average matura- 
tion-period for healthy bolls under the Medium Shade was 52-6 days as 
against 54:7 days for the No Shade. So few healthy bolls, however, 
reached maturity under the shade that the above figures are of rather 
doubtful value. 

Pests and diseases.—The markedly reduced yield of the Medium Shade 
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cotton in both seasons was not directly or entirely due to lack of sunshine, 
it was partly brought about by a severe boll-worm attack (mostly Dipar- 
opsis, the Sudan boll-worm, in 1931-2, and Diparopsis and Platyedra 
equally in 1932-3). Of the total bolls produced in 1931-2, 53 per cent. 
were diseased in more than two loculi in the No Shade, and 78 per cent. 
in the shaded area. In the following season the respective Fa were 
48 per cent. and 77 per cent. The vast majority of these diseased bolls 
were infected with boll-worm and the additional severity of the boll- 
worm attack in the Medium Shade was almost certainly due to the 
removal of the inhibiting effect of sunshine on the pest. 

In 1932-3 the bolls produced on observation ‘holes’ were grouped as 
follows for severity of disease: 


Boll-production (hole averages) 
Medium Shade No Shade 


Completely healthy . 0°37 4°27 
Diseased in 1-2 loculi . 2 ; 1°33 4°70 
Diseased in >2 loculi . : : 5°63 8-27 

Total bolls 7°33 17°24 


In the first season, jassids did decidedly more damage under shade 
than they did outside, whilst thrips and flea-beetle were also somewhat 
more numerous. Shading also increased Red Leaf Spot—a rather 
common disease in the Sudan, caused by Macrophomina phaseoli. 

In the second season, jassids did most damage in the Heavy Shade; 
they did a certain amount of damage in the Medium Shade, and were 
negligible in the No Shade. Flea-beetles were most numerous in the 
unshaded portion and least numerous in the Heavy Shade. 

‘Blackarm’ was moderately severe in the early part of the 1932-3 
season. The Heavy Shade homed 1-5 leaves infected per plant on an 
average, by October 11, 1932; the Medium Shade had 2-2, and the No 
Shade 16-1 (these figures include infected leaves which had shed by this 
date). This marked difference was probably to some extent due to plants 
under the shades being sheltered from direct rain. 

Unpublished work! at Shambat corroborates these figures to some 
extent. Cotton was grown in pots in the open and these were then placed 
in the Heavy, Medium, and No Shade areas and sprayed with B. malva- 
cearum culture. The resultant degree of infection was similar in the No 
Shade and Medium Shade areas, but there was a great reduction in the 
number of lesions under the Heavy Shade. This indicates that the com- 
parative freedom from blackarm is not due entirely to shelter from direct 
rain splash or to a growth-effect caused by shading, for, in the case in 
point, the plants were grown in the open and only brought under the 
shades for spraying and incubation of the disease. This resistance to 
blackarm may be mechanical, due to the partial closing of stomata under 
shade conditions. 

At the end of each season the plots were cut back in order to obtain 
fresh young growth for observation on ‘Leaf Curl’. In the first year, the 
Medium Shade showed more leaf curl than the No Shade, whereas in 


1 By Mr. T. W. Clouston, Plant Pathologist, Sudan Government. 
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the second season there was most leaf curl on the unshaded plants and 

least on the Heavy Shade plants, the Medium Shade being intermediate. 

In both seasons the actual symptoms were more severe on the shaded 
lants. 

Effect on ‘nep’.—Samples of cotton from both areas of the first season’s 
experiment, on being tested, showed only a low percentage of immature 
hairs; of the two, the shaded cotton, if anything, was the less neppy. 
These tests were carried out on healthy cotton only; probably the higher 
percentage of boll-worm bolls in the shaded area would tend to bring 
up the number of immature hairs to some extent in a normal com- 
mercial sample. 

Effect on length of lint—The Medium Shade and No Shade areas were 
each sampled by taking three healthy sub-basal seeds from each observa- 
tion ‘hole’, i.e. ninety seeds per treatment. These seeds were combed 
and measured on the system dcsted by Bailey [3]. The No Shade lint 
was 34:2+0-5 mm. long, whereas the Medium Shade lint was 36:2+ 
o-3mm. This difference was shown statistically to be decidedly not due 
to chance, but, owing to the lack of replication, it is impossible to state 
definitely that it was due to treatment and not to soil. The soil did, 
however, appear to be very uniform over the whole experiment. 

Conclusion.—After making due allowance for differences in diseases 
and pests, the results obtained in both seasons show clearly that partial 
shading (and hence, presumably, any prolonged heavy cloud-effect) 
greatly reduces the yield of cotton, largely by a direct effect on the growth 
of the plants, though partly through an increased pest-incidence. The 
extreme (which admittedly was in no way comparable with any cloud- 
effect) was shown by the complete absence of crop, and even of flowers, 
under a dense shade. 

Though a damour shade of the type used in these experiments is not 
strictly comparable with a heavy oat prolonged cloud-effect, there must 
be a good deal of similarity in the reaction of cotton to shade, whether 
natural or artificial, so that cotton-growing in any dull, overcast area 
would probably be distinctly hazardous. 


Summary 


The experiments were designed as a preliminary investigation to 
determine, by means of artificial shades, the effect of continual clouds on 
American cotton. In the first year’s work an area shaded with coarse, 
white, cotton cloth is compared with an equal, unshaded area. The 
second year’s experiment deals with a triple comparison between a shade 
similar to the previous year’s, a heavier shade composed of a double 
thickness of hessian, and an equal unshaded portion. 

Shading with cotton cloth reduced the production of buds, flowers, 
and bolls, and also the shedding of these and of leaves. The incidence 
of blackarm was lessened. Yield was reduced by nearly two-thirds. 
Plant-height was increased and also the height of the first sympodium, 
and the lint produced was longer. Pest-incidence (boll-worm, aphis, and 
jassid) was increased. 

Under the double hessian shade, bud-production was very much 
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further reduced and flowering and bolling completely prevented. The 
development of buds in the lower region of the main stem was suppressed, 
so that the lowest sympodia were produced very high up the stem. 
Sympodia were extremely short, and there was a large reduction in 
plant-height and in the number of main-stem nodes. Leaf-shedding 
was greatly lessened and so was the incidence of blackarm. Diameters of 
stem and root were smaller, as was also the proportion of xylem to the 
other tissues in the stem. The roots were less lignified and rooting was 
not as deep as in the other treatments. 

The conclusion is drawn that continued cloudiness may be a major 
factor in lowering the yield of cotton. 
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ADDENDUM: THE DIAGRAMMATIC INTEGRATION 
OF PLANT-DIAGRAMS 


Fig. 5 gives a diagrammatic representation of the plant-structure in the three areas 
in 1932-3. 

Diagrams (a), (6), and (c) show the total production of buds along primary sym- 
podia up to the end of November and, superimposed, the distribution of bolls 
present on the plant at that time. To obtain these bud-production diagrams, the 
length in nodes of the lowest sympodium was averaged for the thirty recorded plants 
in each area, subsequent sympodia being treated similarly. Next, every nodal position 
along each sympodium was averaged separately. In the diagrams the positions 
between the dotted line, which intersects the sympodia, and the main stem represent 
the average lengths of sympodia in nodes, any nodes in excess of this amount being 
outside the dotted lines. The rectangles represent, by their area, the average bud- 
production at each nodal position along the sympodium. For example: suppose there 
are three plants having lowest sympodia of 1, 2, and 3 nodes in length respectively, 
then this would be represented bya horizontal line three nodes in length (the extreme) 
intersected by a dotted line at two nodes from the main stem (the average). The first 
node would bear a square of unit size as all the plants bear a node, and hence have pro- 
duced a bud, in this position; the second node would bear a rectangle of two-thirds 
unity, as two out of the three plants have a node in this position (and, hence, either 
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bear or have borne a bud there), and the third node would bear a rectangle of 
one-third unity which would be beyond the dotted line denoting the sympodial 
averages. 

On this system sympodia are averaged according to their relative position, and 
not according to their absolute position as determined by the node-numbers of the 
axils whence they sprang, i.e. all first sympodia are averaged, followed by all second 
and so on, not all sympodia at, say, the fifth node followed by those at node 6, &c. 

The length of the vertical line below the lowest sympodium shows the average 
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Fic. 5 (a), (6), and (c). Bud-production up to end of November (approx. to end 


of primary growth) and, superimposed in black, the distribution of bolls present at 
that time. 


Fic. 5 (d) shows the total monopodial production of fruiting buds and also the 
number of monopodial bolls present superimposed in black. 
All figures are averages of 30 recorded plants per treatment. 


‘height’ in nodes of the latter, whereas the solid vertical line above the first sym- 
podium shows the average number of sympodia per plant. 

The height of the first sympodium in the ‘heavy shade’ diagram (c) is really a 
minimum height as, in this treatment, only some of the plants had produced sym- 
podia on the dates indicated on the diagrams. Plants that had not produced a 
sympodium were not neglected; their total main-stem nodes were added to the 
general figure in obtaining the average height of the first sympodium. 

The superimposed blacked-in areas show the distribution on the plant of bolls 
present at the end of November. The method of obtaining these diagrams is 
practically identical with that described above for bud-production, except in so far 
as these diagrams are of bolls present on a definite date and not of boll-production. 
These black rectangles show, by their area, the average ‘boll value’ of each nodal 
position along each sympodium. No attempt has been made to indicate mean 
sympodial lengths, as such figures would be meaningless for bolls. 

Fig. 5 (d) shows the bud-production on monopodia and the number of mono- 
podial bolls present at the end of November in all treatments. The same scale for 
unity is adopted as for Figs. (a-c). 


(Received October 18, 1934) 
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FIELD EXPERIMENTS ON THE ACTION OF CALCIUM 
CYANAMIDE ON GERMINATING SEEDS AND ON 
CHARLOCK IN BARLEY 


H. L. RICHARDSON 
(Chemistry Department, Rothamsted Experimental Station, Harpenden, Herts.) 


IN earlier papers [1, 2, 3, 4] in the Journal of Agricultural Science, 
Crowther, Kaslion, and Mukerji have presented the results of labora- 
tory and pot-culture investigations on the decomposition of calcium 
cyanamide (CaCN,) in relation to its use as a rer: a It was shown 
that in normal moist soils the decomposition through free cyanamide 
and urea to ammonia was completed in a few days. In spite of this rapid 
decomposition, the free cyanamide sometimes proved highly toxic to 
plants and certain micro-organisms. Thus, nitrification of the ammonia 
from calcium cyanamide used in pot cultures was retarded, in some soils 
for a few days, in others for several. weeks. Again, germination experi- 
ments under controlled laboratory conditions showed serious damage to 
seeds directly treated with calcium cyanamide, although the danger of 
injury disappeared in a few days with the disappearance of the cyanamide 
from the soil. 

The laboratory work on calcium cyanamide was accompanied by field 
experiments on the practical application of the fertilizer. The results of 
the experiments on grassland have already been eit ; the present 
paper deals with the action, in the field, of calcium cyanamide on germinat- 
ing seeds and on charlock in barley; in a subsequent paper [6] the 
fertilizing value of calcium cyanamide will be compared with that of 
other nitrogenous manures, at a number of centres in different parts of 
Britain. 

In reporting the field experiments in this and the following paper, 
commercial calcium cyanamide is described, for brevity and in accord- 
ance with common practice, simply as ‘cyanamide’. 


Field Germination Experiments 


In the laboratory experiments on germination, described in the first 
paper of this series [1], it was shown that the toxic action was due to the 
cyanamide itself, not to its decomposition products, and that the degree 
of damage depended on the amount of cyanamide present in the soil 
during nl 24 hours after the seeds were sown. Conditions, such as 
higher temperature, which hastened the disappearance of the cyanamide, 
reduced the damage. In these experiments very heavy doses were used. 

In the series of pot experiments reported in i an paper [4] cyanamide 
was mixed with the soil on the day of sowing the seed, te ed were no 


bad effects on germination, except on one soil from which cyanamide 
disappeared particularly slowly. In these pot experiments, the fertilizers 


were incorporated with the soil much more evenly than is possible in the 
field. 
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Field germination experiments were conducted on Rothamsted soil 
with a number of crops at different seasons, using a wide range of rates 
of application and varying time intervals before or after sowing the seed. 
The experiments were carried out in 1926 by R. B. Dawson [7], in 1927 
by the late A. J. Walker, and in 1929 by H. L. Richardson. 
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Fic. 1. Percentage germination of wheat, radishes, lucerne, and swedes in field 
experiments with increasing rates of application of cyanamide at different intervals 
before sowing. The date of sowing the seeds is given for each experiment. 

Details of the experiments varied in different years, but the general 
procedure was similar throughout: a seed-bed was prepared under a wire 
cage and the treatments were applied to strips containing a definite 
number—one or two ineidied oF evenly sown seeds; treatments were 
duplicated in adjacent blocks, within which a random arrangement was 
secured. The cyanamide was mixed with sand to facilitate even applica- 
tion, and, unless otherwise noted, it was well raked or forked into the 
surface-soil. The number of germinated seedlings above the soil was 
counted at frequent intervals until the numbers were constant or decreas- 
ing; the maximum values were taken for discussion. As the general form 
of the germination curves was similar to that in the laboratory experi- 
ments ([1], Fig. 2), they are not reproduced here. Where cyanamide had 
any effect on final numbers, it also retarded germination. 

The results obtained in the 1926-7 experiments are summarized in 
Fig. 1. The degree of variation was such that only well-marked effects 
could be considered real, and none of the treatments, except certain 
applications of cyanamide with the seed, had a definitely adverse effect 
on germination. That is to say, on Rothamsted soil the application of 
cyanamide in doses up to 3 cwt. per acre, one week or more before 
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sowing, was not injurious with any crop at any season. As in the labora- 
tory experiments, urea, applied with the seed in doses up to 3 cwt. per 
acre, had no appreciable effect. 

When cyanamide was applied on the day of sowing the seed, the 
heaviest dose (3 cwt. per acre) caused appreciable injury in every trial 
but one (namely, wheat in September); the intermediate dressing (2 cwt. 
per acre) was definitely injurious in about two-thirds of the trials; the 
smallest application (1 cwt. per acre) produced no appreciable injury in 
more than half of the trials, whilst in none did it reduce germination by 
more than one-quarter. Wheat was unaffected by the dressing of 1 cwt. 
per acre applied with the seed at any season. 

In order to examine the influence of seasonal factors on the amount of 
injury when cyanamide was applied with the seed, the following data 
were chosen: (a) average soil temperature at 4 in. at g a.m., over the 
week beginning with the day the seed was sown, (6) total rainfall over 
48 hours from 9 a.m. on the day of application, which would indicate 
whether the cyanamide might be washed into the soil or leached away 
from the seeds (see Table 1). 


TaBLE 1. Meteorological Summary. Field Germination Experiments 


Date of sowing © 
seed and apply- | Soil temperature Rainfall, 48 


Crop ing treatment | average for week hours’ total 

inches 
Swede and radish . May 25, 1926 60°0 
Swede . ‘ . | july 6, 1027 64°8 1°396 
Lucerne . July 20, 1926 61°4 O°154 
Wheat and lucerne . | Ag. 2, 1927 | 63°4 0°000 
Wheat . Sept. 14,1926 | 0°002 
Wheat and lucerne . . | Oct. 10, 1927 49°0 ool! 


The lower temperature of the October treatments was accompanied 
by heavier injury, with both wheat and lucerne, than in September or 
August. This agrees with the laboratory experiments, and suggests that 
greater care is required in using cyanamide when the soil temperature is 
low. In July severe injury occurred with lucerne, which is difficult to 
explain except on the assumption that the light rain which fell brought 
the cyanamide into intimate contact with the seeds. Rather heavy rain 
followed the swede experiment in July, while the temperature was little 
above that in the May experiment; the amount of injury was much less 
in July even with the 3 cwt. dressing, and this suggests that the heavy 
rain had washed the cyanamide down away from the seeds. Moisture 
determinations made on the soil at the time of application did not show 
any clear relationship with the amount of injury: in the laboratory experi- 
ments also, moderate differences in soil moisture had much less effect on 
toxicity than had differences in temperature. 

It is not possible to decide from these experiments whether one crop 
was more sensitive than another to cyanamide, because of the differences 
in the times at which they were tested and in the natural germination of 
the seeds. On the whole, wheat seems to have been least affected. 
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With many crops, notably spring cereals, it becomes important to sow 
the seed during the first period of suitable weather and a week’s interval 
between applying a fertilizer and sowing seed may be impracticable. The 
laboratory work showed that cyanamide disappeared so rapidly from most 
soils that the interval might safely be reduced to two days, except for the 
heaviest applications in cold weather. In the results recorded above, 
application even on the day of sowing was not very harmful when the 
dressing was small. It has also been suggested elsewhere that the damage 
might be reduced by applying the cyanamide a few days after — 
on the hypothesis that the seed would pass through the most susceptible 
stage without coming into contact with cyanamide. 

hese questions were examined in the spring of 1929 on barley, for 
which they are especially important. A dressing of 2 cwt. per acre was 
> ge 7, 2, and o days before the seed and 2 and 7 days after sowing. 
ith the three treatments at or after sowing, the effects of leaving the 
cyanamide on the surface and of raking it in were compared; a part of 
the experiment was repeated at a week’s interval to allow for possible 
weather changes. Actually, there was no appreciable rainfall shortl 
following any of the applications of cyanamide, whilst the average soil 
temperatures were similar after each sowing (44-5 and 45-9° F.). 
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TABLE 2. Influence of Cyanamide on Germination of Barley 
(Germination as per cent. of seeds sown) 


days p ed | With seed | Two days after | Seven days after 
before before | 
Date of | No raked raked | Raked | Lefton | Raked | Lefton | Raked | Left on 
sowing | cyanamide} in in : in | surface | in | surface | in | surface 
March 23 81 ia aM 80 7 | 8& | 82 81 80 
March 30 | 82 85 84 81 oa 85 S | 75 | S& | 7 
Mean. 82 85 | 84% | 80 80 | 80 78 83 


It was found (Table 2) that, even with the 2 cwt. per acre dressing 
and low temperature, the application of cyanamide with the seed had no 
—— effect on germination. This was true also for applications 
shortly before or after sowing, and it may be concluded that barley is 
resistant to the toxic action of cyanamide, and that applications on the 
day of sowing the seed are safe in ordinary field practice provided that 
the soil is harrowed between adding cyanamide and sowing the seeds. 
This is supported by actual experience in replicated field experiments on 
the effect of fertilizers on yield of barley, where observations of germina- 
tion showed no damage from cyanamide applied on the day of sowing 
or a few days earlier. 

As sugar-beet is believed to be especially sensitive to injury from 
cyanamide, tests were made in 1929 with dressings of cyanamide up to 
4 cwt. per acre, applied 2 days after sowing the seed. (This time of 
application has been recommended abroad.) The effects of leaving the 
treatment on the surface and of raking it in were compared. Instead of 
simple replication, the experiment was repeated four times on different 
blocks at weekly intervals, from April 17 to May g. 
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TABLE 3. Influence of Cyanamide on Germination of Sugar-beet 
(Cyanamide applied two days after sowing seed) 


Germination 
| as per cent. of | Temperature Rainfall 
| Germination | ‘seeds’ sown, (mean for (48 hours 
Rate of | as per cent. of ‘seeds’ sown, Date of mean of 6 week after after 
application | mean of 4 sowing times sowing seed | cyanamide plots sowing) application) 


| Unraked | Raked q inches 
150 | 153 April 17 . 0°00 

148 139 April 23 7 0°00 
| 147 | 132 May 1 M 0°32 
| 106 | 100 May 9 y 0°35 


cwt./acre | 
° 
I 


2 
4 


Standard error 11°1 Standard error 
gr 


Because of the variable numbers of true seed contained by the sugar- 
beet ‘seed’ as sown, the standard errors were rather high, and only well- 
marked differences were significant. The 4 cwt. dressing was the only 
one that significantly lowered germination, in either raked or unraked 
soil or both together, although it was evident to the eye that the lighter 
applications had somewhat retarded growth. Raking seemed to have a 
bad effect with each rate of application, but neither the individual differ- 
ences nor their total were significant. 

Although the different dates of sowing refer to different blocks, the 
untreated plots on the various blocks did not show significant differ- 
ences. As it is not likely that the soil of the closely adjacent blocks varied 
greatly in its power to decompose cyanamide, an attempt may be made 
to relate the germination on different dates to the weather conditions. 

The soil-temperature range throughout the experiment was small, and 
the two April applications were not closely followed by rain, whereas 
the two May treatments were followed by fairly heavy showers. If the 
experiments are grouped accordingly, the average germination of all the 
treated plots in Koil was significantly below the average of the treated 
plots in May. Indeed, in May even 4 cwt. per acre of cyanamide did 
not significantly lower germination, whereas this dressing practically 
halved the germination in April. (April, no cyanamide, 156 per cent.; 
4cwt. cyanamide, 79 per cent.; May, no cyanamide, 146 per cent.; 4 cwt. 
cyanamide, 127 per cent.) Evidently the rain that fell shortly after 
the May applications protected the seeds from the action of the cyana- 
mide, presumably by washing it away from them. 


Practical Recommendations on Time of Application 


Caution is needed in applying the results of these field trials in practice, 
for they relate only to one soil and to very even distribution and incor- 
poration of cyanamide. Other soils, particularly those acid sands which 
decompose cyanamide more slowly [1], may need longer intervals. 

In general, safe intervals between application and sowing are one week 
for dressings up to 2 cwt. per acre, and two weeks for larger dressings. 
These intervals may be reduced to about one-half for fertile soils rich in 
organic or inorganic colloids. Damage is less likely in warm and unsettled 
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than in cold dry weather; some cultivation should follow soon after appli- 
cation in order to work the cyanamide into the soil. 

The interval may often be further shortened. For moderate dressings 
on fertile soils, up to 1 cwt. per acre for wheat and up to 2 cwt. per 
acre for barley may be applied on the day of sowing, provided that the 
cyanamide is ts. Soe into the soil before the seed is drilled. For sugar- 
beet, applications up to 2 cwt. ‘eal acre may be given two days after sow- 
ing but the fertilizer should then be left on the surface. 

he toxicity of recent applications of cyanamide to germinating seeds 
is likely to effect some elimination of weeds, and a rotation experiment 
to test the cumulative effect of cyanamide treatment in conjunction with 
different methods of cultivation has recently been begun at Rothamsted. 

Spring top-dressings of cyanamide on winter cereals had only a tran- 
sitory harmful effect in the field experiments reported in a later paper [6]. 


Control of Charlock by Cyanamide and by Other Methods 


An experiment on the use of cyanamide for the control of charlock 
(Brassica sinapis) in barley is reported in some detail because it afforded 
quantitative measurements of weed-competition and a comparison of 
several methods of control. 

A strip of barley heavily infested with charlock was subdivided into 
36 plots, each of 1/167 acre, giving sixfold replication in separate blocks 
of the following treatments: 

1. Untreated. 
. Hand-weeded. 
. Cyanamide (oiled), 14 cwt. per acre. 
. Cyanamide (un-oiled), 14 cwt. per acre. 
. Kainit (powdered), 6 cwt. per acre. 
. Copper sulphate solution, 5 per cent., 40 gals. per acre. 

The materials in treatments 3, 4, and 5 were applied by hand from 
sprinkler tins, treatment 3 being with the powdered fertilizer normally 
used in this country and treatment 4 with the form that is especially 
prepared abroad for weed-control. ‘The solution in treatment 6 was 
applied from a hand-sprayer. 

n order to sample varied weather conditions, duplicate blocks were 
treated on each of the dates May 20, May 23, and May 27, 1931, on each 
occasion at 05.30 to06.30 G.M.T. The central shoots of the barley were 
3 to 7 in. high, and the charlock had about 4 true leaves, some 2 in. long, 
with clusters of unopened flower-buds in the more mature plants. The 
weather conditions, which profoundly affected the action of the different 
treatments, were: 

May 20, overcast, no dew, no rain during the following 24 hours. 

May 23, overcast, no dew, 0-3 in. rain during the afternoon. 

May 27, some clouds, becoming sunny, heavy dew, no rain during the 
following 24 hours. 

Observations on the leaves showed that the effect of cyanamide 
resembled that of copper sulphate rather than that of kainit. With kainit 
the leaves withered soon after application, the edges being affected first; 
partially wilted plants rapidly recovered. The action of kainit evidently 
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depends on ane and not on direct toxicity. Copper sulphate 
solution produced within a few hours small dead spots, which steadily 
increased in size until frequently the whole leaf was destroyed. Some 

lants slowly recovered, but the young leaves were yellowish and un- 
S alite. Cyanamide likewise attacked the leaf first at the points where 
the powder fell; it acted more slowly than copper sulphate solution but 
also caused considerable damage. Many of the injured plants recovered 
later and produced fresh green growth. Copper sulphate and cyanamide 
evidently acted by direct toxicity and not by plasmolysis. 

The action on the barley, which in addition to having narrow, vertical 
leaves is protected by a waxy cuticle, was similar to but much slighter 
than that on the charlock. 

Both plants showed the effects of available nitrogen within 7 to 10 
days of the cyanamide applications, and by flowering time the charlock 
treated with cyanamide was ahead of the untreated charlock. 

The brief interval required for a visible response to the cyanamide 
nitrogen is noteworthy. It supplies further evidence, agreeing with that 
from the pot-culture [4] and grassland [5] experiments, that cyanamide is 
to be regarded as a ‘quick-acting’ rather than as a ‘slow-acting’ fertilizer. 

The yields of barley and charlock were investigated by the sampling 
technique at the end of June, before the charlock seeds had ripened and 
while the barley was still green. (Table 4.) Numerous other weeds and 
some young charlock plants appeared between the times of treatment 
and harvesting, especially in the lots where most of the charlock had 


been removed. Hence the figures for weeds do not refer only to charlock, 
but the actual weights of the other weeds were not great (compare 


‘hand-weeded’ column). 


The mean yield of barley was raised significantly by all treatments; 
the seriousness of the weed-competition is shown by the effect of 
hand-weeding, which increased the yield by almost 60 per cent. 


TABLE 4. Effect of Treatment on Weight of Barley and Weeds, and 
| on Weed-numbers 
Treatment I 3 3 4 5 6 
None Hand- Cyanamide Cyanamide Kainit CuSO, 
weeded oiled un-oiled solution 
Barley, fresh weight in cwt. per acre (S.E. 6°5) 
Treated, May 20 46°0 65°4 63:2 55°38 
May 23 412 64:0 53° 67°9 44°6 
May 27 58°4 40°7 
Mean 39°5 62°7 57°3 
Weeds, fresh weight in cwt. per acre (S.E. 3°5) 
Treated, May 20 49°4 52°7 
May 23 59°6 80-7 
May 27 60°0 65°2 
Mean 56°5 66:0 
Weeds, numbers in thousands per acre (S.E. 90) 
Treated, May 20 980 230 670 
May 23 970 190 670 
May 27 890 300 760 
Mean 940 240 700 
Weeds, mean weight per weed in gms. 
3°2 23 
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Although the other treatments did not give such high yields as hand- 
weeding, none of the differences was significant. 

The growth of charlock was not, as might have been expected, greatest 
where the yield of barley was least. All of the differences between treat- 
ment means were significant, placing the treatments in the following 
order of increasing growth of weeds: 

Hand-weeded <copper sulphate solution <kainit <untreated <unoiled 
cyanamide <oiled cyanamide. 

Thus the check received by the charlock on the cyanamide plots was 
only temporary, and it was later outweighed by the fertilizing effect of 
the nitrogen. The weed-numbers showed that there had been a definite 
destruction of weeds with cyanamide, although it was less than with the 
other treatments. The values of the average weight of a single weed 
demonstrate the extra growth made by charlock with cyanamide; they 
also show that copper sulphate was the only treatment that permanently 
stunted the individual charlock plants. Since oiled cyanamide gave a 
slightly lower yield of barley, a significantly higher yield of charlock, a 
greater number of weeds per acre and heavier individual charlock plants 
than un-oiled cyanamide, it is clear that oiling lowered the efficiency of 
the cyanamide. The effect on the yield of barley was not great enough, 
however, for the difference to be of practical importance. 

There were some considerable differences in the effects of the treat- 
ments applied on different dates, showing the influence of the weather 
conditions already noted. When rain followed application, the general 
9 of weeds was significantly higher than on the other days, but dew 

ad no appreciable effect. It was evident to the eye that rain washed the 
cyanamide off the leaves, and the yield of weeds was significantly 
greater with cyanamide, but not with other individual treatments, when 
rain followed. Although dew did not increase the weed-destroying 
action of the cyanamide, it caused a significant degree of damage to the 
barley. Copper sulphate was most effective (the charlock yield was 
significantly lower) in the absence of either rain or dew. 

Supplementary observation plots were treated on May 27, later in the 
day, after the dew had gone. The treatments examined were: 

1. Oiled cyanamide, 3 cwt. per acre. 2. Kainit, 3 cwt. per acre. 
3. Powdered quicklime, 2 cwt. per acre. 

4. Copper sulphate, 5 per cent. solution, 40 gals. per acre. 

5. Sulphuric acid, 4 per cent. solution, 40 gals. per acre. 

6. Sulphuric acid, § per cent. solution, 40 gals. per acre. 

The first three treatments gave further information about the mode of 
action of cyanamide. The heavy (3 cwt. per acre) dressing caused as 
much apparent damage to charlock as the copper-sulphate spray. The 
same weight of kainit had little effect, whilst quicklime equivalent to the 
calcium content of the cyanamide caused practically no damage to the 
charlock leaves. Calcium cyanamide does not therefore act by plasmolysis 
or through the ‘caustic’ action of its lime. 

Of the other treatments, the sulphuric acid solutions attacked the 
charlock much more rapidly than the copper sulphate solution (the leaves 
showed the effect of the 8 per cent. solution in half an hour), and the 
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4 per cent. acid solution caused about as much destruction of charlock 
as the copper sulphate solution. The latter was itself more effective 
when falling on leaves dried by the sun, than it had been in the early 
morning application on dewy herbage. The 8 per cent. acid solution 
destroyed the charlock almost completely; it injured the barley rather 
pra , but this check was outgrown in three weeks’ time. 

The results of the main series of experiments throw some light on 
general questions of weed-competition. The serious reduction in yield 
of barley on the untreated plots through the presence of charlock has 
already been noted. That the chief element in the competition was the 
supply of nitrogen rather than that of water, carbon dioxide or sunlight, 
or the vague factor of ‘root room’, is clear from the action of the cyana- 
mide. By increasing the final yield of charlock, it intensified the competi- 
tion for the other factors, yet barley responded to the extra nitrogen and 
gave a yield much above that in the untreated plot. 

In these experiments the final effect of cyanamide on charlock was 
poorer than that of the other treatments, although in practice many good 
results have been reported. Korsmo [8] used it successfully but Bolin [9] 
found that its action as a weed-exterminator was less reliable, because 
more subject to external conditions, than that of a spray. Long [10] has 
described some striking examples of its use on various weeds. 


Summary 


1. Field experiments on the effect of time and method of application 
of calcium cyanamide to seed-beds showed that there was no interference 
with germination by dressings up to 3 cwt. per acre, given one week or 
more before sowing. The interval between sowing the fertilizer and the 
seed might safely be reduced to a few days, or even in favourable con- 
ditions to a few hours, for moderate applications, provided that the ferti- 
lizer was cultivated into the soil before the seed was sown. A moderate 
application two days after sowing the seed was found to be safe if the 
fertilizer was left undisturbed on the surface of the soil. 

2. In a replicated field trial on charlock-destruction in barley, with 
comparisons under different weather conditions, calcium cyanamide 
proved much less efficient in destroying the charlock than kainit or a 
solution of copper sulphate. Both the barley and the weeds that survived 
the cyanamide-treatment responded to the added nitrogen. 
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. THE RESPONSE OF GRASSES AND CLOVER TO 
TREATMENT ON ACIDIC UPLAND SOILS, AND 
i THE EFFECT OF HERBAGE PLANTS ON THE 
 &§ REACTION OF ACIDIC SOILS 
i R. O. DAVIES 
} (University College of Wales, Aberystwyth) 
and 
r H. G. CHIPPINDALE 
(Welsh Plant Breeding Station, Aberystwyth) 
Part II. The effect of herbage plants on Molinia soil 
|! With Plate 7 


In addition to the field experiment described in a previous issue of 
this Fournal [1] a series of pot experiments was carried out with the same 
I soil. Whilst the main object of the field experiment was to determine 
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Fic. 1. Sketch of Vessel used in Pot Experiments. 


the effect of combined treatments on the herbage produced on the 
Molinia area, the pot experiments were mainly concerned with the in- 
fluence of the cultivated grasses and wild white clover on the soil. It was | 
thought that pot experiments, in conjunction with the field work, would 
‘| throw light not only on the effect of the herbage plants on soil acidity, ‘ 
* but also on soil nitrogen. Thus one of the objects of the experiment 
|| under consideration was to obtain a comparison of the nitrogen metabol- 
ism of wild white clover with that of grasses grown under similar con- 
7 ditions but supplied with soluble nitrogen. 
I With these aims in view, an examination of the drainage-water from 
the soil on which the plants were grown was necessary, and for this 
reason a type of pot was adopted similar in several respects to that used ; 
| | by Hoagland [2] and McCall [3]. The essential features of the pot are 
shown in the accompanying sketch (Fig. 1). The pot was earthenware, 
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glazed inside and coated on the outer surface by immersion in melted 
paraffin wax. The pot had a diameter of 6} in., and a capacity for holding 
over 1 kg. of soil-sand mixture. Each pot was fitted with an inverted 
funnel to facilitate drainage and aeration, and a layer of coarse sand was 
placed at the bottom. A bent glass tube also led to the bottom of the pot, 
the end immersed in the pot being covered with muslin. The other end 
could be connected with a receiving vessel and the drainage-water re- 
moved into this by means of 2 suction pump. The Molinza soil, after 
being air-dried so that it could be passed through a 3 mm. sieve, was 
thoroughly mixed with an equal weight of fine sand, and 1-1 kg. of this 
mixture, with or without manurial ingredients, was superimposed on the 
coarse sand layer. On the surface of this soil-sand mixture, 100 seeds 
of either perennial rye-grass, red fescue, or wild white clover were sown 
in each pot. These were then covered with a layer of fine moist sand and 
allowed to germinate. For control purposes, pots were also treated in a 
similar way without seed. The seeds were sown on March 30, 1931. 
On June 18 the grass-seedlings were reduced to 50 per pot, and the 
clover-seedlings to 25 per pot. The pots were kept in an unheated green- 
house, but were removed outside during warm dry weather. They were 
maintained at a constant weight by the frequent addition of distilled 
water. The manurial treatments given were as follows: 


Pots containing grasses. (‘Treatment per pot.) 
Series: No treatment. 
2nd Series: 2-3 gm. basic slag+-o-4 gm. potassium sulphate. 
3rd Series: 2:3 gm. basic slag +0-4 gm. potassium sulphate + 5 gm. cal- 
cium carbonate +o-2 gm. nitro-chalk. A further quantity 
of nitro-chalk, amounting to a total of o-8 gm., was applied 
during the experiment in periodic doses of 0-2 gm. 
4th Series: 2-3 gm. basic slag+o-4 gm. potassium sulphate+5 gm. 
calcium carbonate +0-4 gm. nitro-chalk. A further quantity 
of nitro-chalk, amounting to a total of 1-6 gm., was applied 
during the experiment in periodic doses of 0-4 gm. 
Pots containing wild white clover. (‘Treatment per pot.) 
1st Series: No treatment. 
2nd Series: 2-3 gm. basic slag-++o-4 gm. potassium sulphate. 
3rd Series: 2:3 gm. basic slag-+-o-4 gm. potassium sulphate+5 gm. 
calcium carbonate. 
4th Series: 2-3 gm. basic slag+-o-4 gm. potassium sulphate+5 gm. 
calcium carbonate -+-o0-2 gm. nitro-chalk. 


The above treatments were designed to encourage the development of 
grass in the one case and that of clover in the other. Hence in the third 
and fourth series the treatment given to the grasses differed from that 
given to the clover in that a heavy increment of nitrogen was applied to 
the former. Three cuts of the herbage were taken in 1931, five in 1932, 
and the final cut was taken in the spring of 1933. The growth obtained 
prior to the first cut as a result of these treatments is shown in the 
annexed photographs (Plate 7). It is seen that whereas perennial rye- 
grass responded very little to slag and potash, its productivity increased 
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strikingly when calcium carbonate and nitro-chalk were added (Fig. 2). 
The results with red fescue were similar (Fig. 3). Wild white clover, 
however, behaved quite differently, no growth occurring in the untreated 
pots. A marked response, however, followed the application of slag and 
potash, and calcium carbonate and nitro-chalk produced no further 
striking effect (Fig. 4). 

The herbage cuts taken from the pots were dried and analysed. 
Samples of drainage-water were also withdrawn for determining pH by 
the quinhydrone-electrode method and nitrate by the phenol-disulphonic- 
acid method. 


Effect of Herbage Plants on the Hydrogen-ion 
Concentration of Soil and of Soil Drainage 


The hydrogen-ion concentration of the soil-sand mixture could, of 
course, only be determined when the pot experiments were ended. These 
determinations were, however, supplemented by determinations on soil 
samples taken at intervals from the plots in the field experiment on the 
same soil [1]. As the findings obtained in the one case have an important 
bearing on those obtained in the other, the results from both sources 
will be considered at this stage. The results from the field plots are 
shown in Table 1; they were obtained from samples taken on seven 
different dates spread over the period. 


TaB_e 1. pH of Soil Samples from Field Plots subjected to Different 


Treatments 
pH 
Mean of 18 
Treatment Max. Min. determinations 

Ne. - | 4°26 | 3°59 3°89 
Cultivation, seeding+12 cwt. basic slag . ; - | 4°69 | 4°16 | 4°41 
Cultivation, seeding+8 cwt. nitro-chalk . j . | 4°54 | 4°04 | 4°20 
No cultivation +12 cwt. basic slag; 8 cwt. nitro-chalk 4°83 | 4°52 4°59 
Cultivation, no seeding+12 cwt. basic slag; 8 cwt. | 

nitro-chalk ‘ ‘ - | 4°80 | 4°50 | 4°63 
Cultivation, seeding + 12 cwt. basic slag; 8 cwt. nitro- | 

chalk : - | 5°05 | 4°28 | 4°56 
Cultivation, seeding +12 cwt. basic slag; 5 cwt. lime- | | 

Cultivation, seeding 12 cwt. basic slag; 20 cwt. lime- | 

stone - | 4°94 | 4°55 | 4°81 
Cultivation, seeding + 12 cwt. basic slag; 20 cwt. lime- | 

stone; 13 cwt. K,SO, | 5°00 | 4°53 | 4°73 
Cultivation, seeding + 12 cwt. basic slag; 20 cwt. lime- | | | 

stone; 14 cwt. K,SO,; ? cwt. nitro-chalk : 5°04 | 4°44 | 4°69 
No cultivation+ 12 cwt. basic slag; 20 cwt. limestone; | 

14 cwt. K,SO,; } cwt. nitro-chalk 2 : ~ | ene | 4°49 | 4°87 


The difference between the maximum and minimum values obtained 
from the same plots, shown in Table 1, affords an indication of the 
seasonal fluctuation in the soil pH. Similar fluctuations that are probably 
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related to the variations in the concentration of soil electrolytes [4, 5] 
have been observed in other soils [6]. The above table shows that 
cultivation and seeding without manuring have had no significant effect 
on the pH. In those soils to which basic slag was applied, a marked 
increase in pH occurred. Where nitro-chalk was applied a smaller 
change resulted, but slag and nitro-chalk applied together produced a 
greater effect than when they were applied separately. ‘The greatest 
effect on the pH was obtained in those plots where 1 ton of limestone 
was included in the manurial dressing. 

The difference in pH value between the unmanured and manured 
plots was so great that it was considered likely that the greater growth 
of herbage in the manured plots, as compared with the unmanured, 
played a part in bringing about this lowering of soil acidity. Smith and 
Robertson [7] have previously shown the importance of the growing 
potato in diminishing the seasonal increase of soil acidity occurring in 
unplanted soil. In order to determine the significance of herbage plants 
in their effect on the pH of the acidic upland soil dealt with in this 
experiment, samples of the soil were incorporated with slag, with and 
without limestone. These were kept in the dark at room temperature, 
washed with water, the water removed by filtration, and the soil after- 
wards dried to simulate field conditions. ‘The pH value was determined at 
intervals, and a comparison of the results with those obtained with the 
field soils in which herbage plants had grown is given in the next table. 


TABLE 2. pH Values of Soils from Seeded Field Plots compared with those 
of Unplanted Soil in the Laboratory 


Seeded field plots | Laboratory soil 
Total CaO Total CaO 
| in manure in manure | 
Manurial (tons per Lad | (tons per 
treatment acre) Max. Min. Mean acre) Max. | Min. Mean 
Nil 42% | 3°93 | 3°93 | 4°28 | 3°78 4°05 
Basic slag 0°24 4°69 | «44°16 | 4°41 | 30-40 4°45 | 3°87 | 4°18 


Basic slag + 
limestone. 


0°38 4°78 4:20 4°48 0°66 4°50 3°86 4°19 


Table 2 shows that although more basic slag and limestone were 
applied to the laboratory soil no to the field soil, the change in pH of 
the field soil was much greater than that in the unplanted laboratory 
soil. This suggests that the increased herbage following the manurial 
treatment in the field soil was an important factor in modifying the soil 
acidity ; and it is clear from Table 1 that the native Molinia pasture and 
the sown species are equally effective in this respect. The lowering of 
soil acidity by the action of the fibrous roots of other plants such as 
alfalfa, rye, vetch, and maize, has been shown to take place by Thom and 
Humfeld [8]. Thus with corn, a fallow soil outside the root-zone gave 
a pH of 4:5, the soil adjacent to the roots showed a pH of 4:8; and another 
soil of pH 6-1 gave a pH of 6-9 adjacent to the roots of rye. Thom and 
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ii Humfeld further show that the significance of this change produced by 
rT the plant lies in the fact that the roots create a narrow zone favourable 
iy to the activity of bacteria and moulds. 

' Further information regarding the effect of the herbage plants on the 
N pH of both drainage-water and soil is derived from a consideration of the 
data obtained in the pot experiments. The pH values of the drainage- 
water and of the soil in those pots where the seed was sown, and also in 
unseeded pots, are given in Table 3. In order to obtain a strict com- 
parison between the grasses and clover, those pots to which basic slag 
and potassium sulphate only were applied have been chosen, this being 
{1 the series in which grasses and clover received identical manurial treat- 
ment. 


|) TABLE 3. The Effect of Grasses and Wild White Clover on the pH Value 
M of Drainage-water and of Sand-soil Mixture 


pH of drainage water d 
Date 22/9/31 2/6/32 20/9/32 20/1/33 | Mean (4/5/33) 
Unseeded soil 6°07 5720 | 4°68 4°79 5°19 
Perennial rye-grass ‘ 5°99 5°78 | 6°01 5°14 ee 5°39 
Red fescue . 6°03 56: | 613 5°42 
' Wild white clover . . 5°29 4°90 5°66 5°65 | 5°38 5°25 


Table 3 shows that a marked increase in the acidity of the drainage- 
1 water occurred in the unseeded soil from September 1931 to September 
! 1932. Where the herbage plants were growing, this accumulation of 
acidity did not occur, with the result that the mean pH value of the 
I drainage-water was higher where the herbage plants were grown than in 
i the unseeded soil. A higher acidity in the drainage was obtained from 
I clover than from the grasses up to and including September 1932. In 
| January 1933, however, when no active growth occurred the position was 
reversed, a higher acidity being obtained from drainage under the 
\, grasses, more particularly the perennial rye-grass. ‘Taking all the deter- 
ir minations into consideration, it will be seen that the drainage from the 
' clover pots showed a higher acidity than that from the grass pots. In the 
" latter there was no significant difference between the effect of the rye- 

grass and that of red fescue. 

The pH value of the soil-sand mixture taken at the end of the experi- 
i ment also shows a definite lowering of acidity in the pots containing the 
_ herbage plants. This effect was somewhat greater with the grasses than 
| with the wild white clover. 


The Effect of Various Factors on the Nitrate-nitrogen Concentration in 
the Drainage-water 


Ij The pots in which no seed was sown afforded a means of ascertaining the 
| effect of different manurial treatments on the drainage-water from un- 

cropped soil. The two principal manurial treatments consisted of (a) basic 
slag+sulphate of potash, and (b) these manures with the addition of 
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limestone and nitro-chalk, the nitro-chalk being applied in increments 
during the experimental period. Table 4 shows the effect of these two 
treatments on the nitrate-nitrogen concentration in the drainage-water. 


TABLE 4. Effect of Manurial Treatment on Nitrate-nitrogen Concentration 
of Drainage from Uncropped Soil. (Concentration expressed in p.p.m. 
nitrate nitrogen.) 


Manurial treatment 22/5/31 16/7/31 | 22/9/37 | 21/6/32 | 20/9/32 | 20/1/33 


. Nil. 1°64 0-212, 0826 «11°94 

. Basic slag+K,SO, . negligible 4:28 19°21 35°27 99°99 70°80 

. As B+ limestone | | 
+nitro-chalk . 12°15 | 174°40 | 164°80  103°30 | 190°00 


The manures, including the first increment of nitro-chalk, were in- 
corporated with the soil on March 28, 1931. About two months after 
this application, the nitrate-concentration was negligible where basic 
slag and sulphate of potash had been applied. At the same time a low, 
but appreciable, concentration was found in the drainage from the un- 
treated soil. This phenomenon is probably due to the rise in bacterial 
numbers that follows the application of phosphatic manures [9]. ‘This 
rise would make increased demands on the soluble nitrogen and account 
for a temporary depletion in the drainage. It is evident from Table 4 
that the subsequent mineralization of these increased bacterial numbers 
has ultimately resulted in a much higher nitric-nitrogen concentration 
than in the untreated soil. 

The total quantity of soluble nitrogen as ammonium nitrate applied 
during 1931 was equivalent to a concentration of 152 p.p.m. The results 
from the drainage for this year therefore indicate not only that all the 
nitrogen of the ammonium nitrate was converted during the same season 
to the nitrate form, but also that soil nitrogen was nitrified in addition. 

Table 5 compares the nitric nitrogen in the drainage from the un- 
cropped soil with that in the drainage-water from those pots where 
grasses and wild white clover were grown. 


TABLE 5. The Effect of Grasses and Clover on the Nitrate-nitrogen 
Concentration (p.p.m.) of Soil Drainage-water 


Series 1. Unseeded soil. 12°15 174°4 164'8 103°3. Ig0°0 180°0 
Series 2. Perennial rye- 


Series 3. Red fescu : 2°71 0°26 1°33 negligible 0-42 o'9I 
Series 4. Wild white | 

clover 


5°07 negligible 5-48 


The manurial treatment was identical for the first three series in the 
table, and included basic slag, sulphate of potash, limestone, and incre- 
ments of nitro-chalk. In series 4—Wwild white clover—no nitro-chalk was 
applied, the manurial treatment being otherwise the same. ‘The table 
shows that both perennial rye-grass and red fescue remove the nitrate 
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from the drainage-water with remarkable efficiency, even when present 
in high concentrations. The maximum concentration in those pots 
where these grasses were grown at no time reached the low level attained 
in the drainage from unmanured soil on which no crop was grown 
(Table 4, manurial treatment A). These figures emphasize the important 
part played by a vigorously poe grass in conserving the soluble 
nitrogen, and minimizing the loss through drainage. 

In the pots of wild white clover the concentration of nitrate has been 
low throughout, as compared with that obtained by the application of 
nitro-chalk to unseeded soil. It is, however, significant to find that, 
although no nitro-chalk was applied to the wild white clover, a maximum 
concentration of 5-48 p.p.m. nitrate-nitrogen was attained in the course 
of the experimental period, whilst with the grasses the maximum con- 
centration reached was 2-71 p.p.m., in spite of the heavy application of 
soluble nitrogen. It should be pointed out that the concentrations of 
nitrate-nitrogen found in the drainage where wild white clover was grown 
give no indication of the rate at which the clover can supply grasses with 
soluble nitrogen. The rate at which atmospheric nitrogen is converted 
into the soluble form may depend largely on the rapidity with which this 
soluble nitrogen is removed from the drainage water, a rapid removal 
leading to a high efficiency of fixation [ro]. 

Nitrogen removal from soil by perennial rye-grass and red fescue—In 
Table 6 the nitrogen removed from the soil by the grasses as a result of 
various treatments is shown and compared with the amount of nitrogen 
applied as manure. 


TABLE 6. Comparison of Nitrogen removed from Soil by Grasses with the 
quantity supplied in Manure. Nitrogen expressed in mg. per pot; 
A = applied in manure, R = removed in grass. 


| 
Perennial rye-grass 
I Nil. - | Nil | 23°6| Nil | 54:1 | ‘Nil |-23°9 
2 Basic slag and K,SO, . | Nil | 40°7) Nil | Nil | 293 
4 As 2+limestone+nitro-chalk . | 190°4 29°5 
4 As 3 but double nitro-chalk 
supply. | 124°0 248°8 | 186°0 -131°0 35°4 
Red fescue 
I Nil | Nil 197 | Nil | 67:3) Nil | 288 
a Basic slag and K,SO, . | Nil 28:9. Nil 98-7, Nil 21°8 
3 As 2+limestone+nitro-chalk . 219°8 125°8  31°0 27°0 
4 As 3 but double nitro-chalk 
supply ; - 124°0 262°7 186°0 199°2 | 62°0  43°3 


From the point of view of the capacity of the plant to recover nitrogen 
applied in the soluble form, the results for the first season, before root- 
congestion had become serious, are of greater significance than those 
obtained for later years. When the results for this season are considered 


ty 
+ 
ip 
|! 
t 
it 
' 
| 
| 


EFFECT OF HERBAGE PLANTS ON MOLINIA SOIL 57 


it is evident that in Series 3 and 4 much more nitrogen was removed in 
the plant than was supplied in the manure. 

In Series 3 it is seen that during the first season the perennial rye-grass 
not only recovered all the nitrogen supplied as manure, but derived 
88 mg. more nitrogen from the soil than it obtained when no nitrogenous 
manure was applied (Series 2). Again, in Series 4, not only was the 
nitrogen recovered completely from the manure, but in addition 84 mg. 
more nitrogen were derived from the soil than in Series 2. It will be noted 
that under the pot-culture conditions, and with the soil employed in 
this experiment, a greater response to limestone and nitro-chalk was 
obtained from red fescue than from perennial rye-grass. ‘Thus for red 
fescue 129 mg. more nitrogen were obtained from the soil in Series 3 
than in Series 2, and 110 mg. more nitrogen in Series 4 than in Series 2. 

These results are in agreement with data previously obtained in the 
field, where the large recovery of nitrogen from nitro-chalk could only 
be explained on the assumption that increased quantities of soil nitrogen 
became available to the plant as a result of applying the manure [11]. 

Protein-synthesis by grasses and wild white clover—tIn Table 7 the 
amount of plant-protein synthesized by the grasses is compared with 
that synthesized by wild white clover. 


TABLE 7. Comparison of Protein-Synthesis by means of Grasses and Wild 
White Clover under Pot-culture Conditions. Experimental Period 
30/3/31 to 4/5/33. Nitrogen yields expressed in mg. per pot. 


tk Nitrogen yielded by Nitrogen yielded by | Nitrogen yielded by 
perennial rye-grass red fescue | wild white clover 
(Lolium perenne) | (Festucarubra) | (Trifolium repens) a 


From | From From | From | From | From 

Manurial treatment manure soil  Total| manure| soil | Total manure air Total 

Nil vi | Ni Ni Nil Nil 
. Basic slag+sulphate of 
Basic slag-+sulphate of 
potash + limestone nitro- 
chalk for grasses; none for 


928 928 


. Basic slag+sulphate of 
potash + limestone + much 
nitro-chalk for grasses and 


little for clover 372 43 | 415 372 133 505 989 1,020 


Table 7 shows that under the pot-culture conditions adopted in this 
experiment the synthesis of protein took place at a much higher rate in 
wild white clover than in perennial rye-grass and red fescue. Where no 
nitrogenous manures were applied (Series B), protein-synthesis occurred 
only at one-sixth the rate of that taking place in wild white clover. Where 
the grasses were intensively treated with limestone and nitrogen (Series 
C and D), a phenomenal increase in the rate of protein-synthesis oc- 
curred, but even this accelerated process showed at its maximum only 
half the rate of synthesis attained by the clover. 

In spite of this much greater protein-synthesis by means of clover, the 
soil in which it was grown was found to be definitely richer in nitrogen 
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i at the end of the experiment than the soil in which the grasses were 
If grown. This is made clear in Table 8. 


Tae 8. The Effect of Grasses and Wild White Clover on the 
+ Percentage Total Nitrogen of Soil-sand Mixture 


Percentage total nitrogen in 


| Nitrogen 4 
| Series 1. Manurial treatment—basic slag+-K,SO, 
it Nil ‘ Nil 0'216 0°203 
Perennial rye-grass . Nil 0°203 0°197 
Red fescue. Nil 0°209 O°197 o'201 
Wild white clover . Nil 0°227 0°203 0°209 
Series 2. Manurial treatment—basic slag-+-K,SO, 
limestone and nitro-chalk 
Nil. 0°034 0225 o219 07222 
Perennial rye-grass . 0°034 0°208 0°209 
Red fescue. 0°034 0°203 0°203 | 0°203 
Wild white clover . 0°003 0°226 | 0°220 


In Series 1, the growth and removal of young grass have slightly 
diminished the nitrogen-content of the soil, but the nitrogen concentra- 
tion has been increased as a result of the growing and frequent removal 
of wild white clover. In Series 2, although the nitrogen-content of the 
clover soil is slightly lower than that of the control, a definite gain of soil 
| nitrogen has been accomplished by the clover over the control, seeing 

that much more nitrogen was applied as manure to the control soil. It 

is evident that in spite of the fact that the grasses received more nitrogen 

as manure and supplied less plant-protein than the clover, the reserves 
| of nitrogen are higher in the clover soil than in the soil on which the 
+ grasses were grown. 


Summary and Conclusions 


The field experiments described in Part I [1] were supplemented by 
b a series of pot experiments with the object of comparing the effect of 
cultivated grasses with that of wild white clover on the acidity and the 
nitrogen metabolism of the Molinia soil. It was recognized that the effect 
of these plants on the soil might be quite different when treated as pasture 
from their effect if allowed to reach the more mature stage of a hay crop. 
As information was desired regarding their effect when grown as pasture, 
ii cuts were taken at frequent intervals from the pots during the experi- 
I! mental period. Both the growing plants and the drainage-water were 
examined, the nitrogen-content of the soil being also determined. The 

it! following conclusions are drawn from the data obtained: 
1. Both the grasses and the wild white clover lower the acidity of the 
' bi soil and drainage water, the effect of the former being somewhat greater 
1 than that of the latter. Whilst the direct effect of small dressings of basic 
slag and limestone on the pH of this acid soil is very small, the indirect 
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Fic. 2. Response of Perennial Rye-Grass to Manurial Treatment 
a. 4th Series. Slag+ K,SO,+ CaCO;-+ Nitro-chalk (-8 gm.) 
b. 2nd Series. Slag+K,SO, 
c. 3rd Series. Slag-+ K.SO,+ CaCO Nitro-chalk (+4 gm.) 
d. 1st Series. No manure 


Fic. 3. Response of Fescue (Festuca rubra) to Manurial Treatment 
a. 4th Series. Slag-+K,SO,+ CaCO Nitro-chalk (-8 gm.) 

b. and Series. Slag+K.SO, 

c. 3rd Series. Slag+ K,SO,+ CaCO ;+ Nitro-chalk (-4 gm.) 

d. 1st Series. No manure 


Fic. 4. Response of Wild White Clover to Manurial Treatment 
a. 3rd Series. Slag + K,SO,+ CaCO; 
b. 2nd Series. Slag-+ K.SO, 
c. 4th Series. Slag + K,SO,+ CaCO 3+ Nitro-chalk (-2 gm.) 
d. 1st Series. No manure 
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effect is much greater, in that the increased herbage growth which they 
encourage has a decided influence on the pH of the soil. 

2. Examination of the drainage-water reveals that nitrate-nitrogen, 
even when present in high concentration, is removed with great rapidity 
by the grasses. Vigorously growing herbage thus plays an important part 
in conserving the soluble nitrogen. The rapid rate at which the grass 
removes soluble nitrogen from the drainage may also be a factor in in- 
creasing the rate at which the wild white clover associated with it can 
fix atmospheric nitrogen. 

3. The nitrogen applied as nitro-chalk during 1931 was completely 
recovered in the grasses during the same season. The results further 
show that the effect of calcium carbonate and ammonium nitrate during 
this season was to increase the availability of soil nitrogen. 

4. A much more rapid synthesis of plant-protein was obtained in the 
pots where wild white clover was grown than in those pots where 
perennial rye-grass and red fescue were treated intensively with soluble 
nitrogen. 

5; In spite of the greater amount of plant-protein removed from the 
wild white clover grown in pots, and the heavy increments of nitrogenous 
manure applied to the grasses, more total nitrogen could be accounted 
for in the soil in which the wild white clover had been grown than in 
that growing perennial rye-grass and red fescue. 
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SOIL CONDITIONS IN EAST ANGLIA 


H. H. NICHOLSON AND F. HANLEY 
(School of Agriculture, Cambridge) 
Physiography.—The Drift Map of the Geological Survey is still the best 


_ available basis for an account of the soils of East Anglia. The two prin- 
cipal factors involved are parent material and local physiography. The 
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Diagrammatic Drift Map of the Eastern Counties. 
(Approximately 17 miles to 1 inch) 


1. Alluvium—Peat. 5. Glacial Gravel. 9g. London Clay. 13. Kimeridge Clay. 
2. Alluvium—Silt. 6. Glacial Loam. 10. Chalk. 14. Oxford Clay. 

3. Valley Gravel. 7. Clay with Flints. 11. Gault. 15. Oolite. 

4. Boulder Clay. 8. Norwich Crag. 12. Lower Greensand. 16. Lias. 


former, over by far the greater part of this region, is provided by the most 
recent deposits, particularly drifts of various types. The strike of the 
solid strata is in a SW. to NE. direction veering through a S. to N. line 
to a SSE.-NNW. line in the northern half, whilst the dip is towards the 
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SE. and E. accordingly. The main formations involved are the Norwich 
and Coralline Crags, the London Clay, the Chalk, the Gault, the Lower 
Greensand, the Kimeridge Clay, the Oxford Clay, the Oolite, and the 
Lias. ‘The Chalk and Oolite respectively give rise to two main ridges of 
high land, starting in the SW. The former gives the high land of Hert- 
fordshire, SE. Cambridgeshire, N. Essex, W. Suffolk, and W. Norfolk, 
whilst the latter accounts for a broken belt of high land starting in Bed- 
fordshire and running north to Kesteven (Lincolnshire). 

Between these two areas of high land lies the lower portion of the 
catchment area of the rivers draining into the Wash. Between the Chalk 
ridge and the east coast, the level of the country gradually falls and its 
surface is intersected by the valleys of the rivers of Essex, Suffolk, and 
Norfolk. ‘Throughout the whole area the lowlands reflect the outcrops 
of the clay formations, although to a great extent these are covered by 
alluvial deposits. 

Recent drift-deposits cover by far the major portion of East Anglia. 
A broad belt of Boulder Clay extends from the north coast of Norfolk, 
through Suffolk and N. Essex into Hertfordshire and intermittent but 
extensive areas of this deposit occur in N. Bedfordshire, Huntingdon- 
shire, and Kesteven. Around the coastal fringe of the main expanse, and 
in all the river valleys which intersect it, there are exposures of Glacial 
Gravel and Sand, notably in NE. Norfolk, E. Suffolk, NE. Essex, and 
mid-Hertfordshire. The area of Glacial Loams is smaller still, but is 
prominent in NE. Norfolk and NE. Essex. The Fen country occupies 
a considerable portion of the whole area, almost surrounding the Wash, 
and is covered by various alluvial deposits of silt, peat, and valley gravels. 
Between the main eastern expanse of Boulder Clay and the Fen deposits, 
runs a belt of exposures, mostly of the Chalk, but also of the Gault, the 
Lower Greensand, and Kimeridge Clay. These continue intermittently 
through Cambridgeshire into Bedfordshire. On the flanks of the main 
area are found considerable areas of clay, the London Clay in S. Essex 
and Hertfordshire, the Oxford Clay in Bedfordshire and Huntingdon- 
shire, and the Lias in Kesteven. 

Parent Material_—Three main types of parent material are found in 
East Anglia : 


Clay Sand and Gravel Limestone 


Alluvium Alluvium Chalk 

Boulder Clay Valley Gravel Lincoln Limestone 
Clay with Flints Glacial Sand and Gravel Cornbrash 
London Clay Norwich and Coralline Crag 

Gault Bagshot Beds 

Kimeridge Clay Lower Greensand 

Oxford Clay Northampton Sands 

Lias Clay 


Drainage Conditions.—The widespread occurrence of drift-formations 
and the great variation in the parent materials within a single formation, 
such as the Boulder Clay, coupled with the diverse topography with 
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which they are associated, inevitably produce a wide range of drainage- 
conditions. Thus, in the case of the Boulder Clay, permeability varies 
from very low to very high values. Fortunately, however, the formation 
is associated mainly with high land or definite slopes. The Gault, on the 
other hand, is chiefly associated with low land, and flat or depressed 
areas. The Glacial and older River Gravels, again, are mostly so located 
as to be free draining, but many areas of Valley Gravels are on low ground 
with a — high water-table. The Fen basin with its large range of 
parent materials is wholly depressed, much of it very near sea-level and 
dependent on extensive schemes of artificial drainage to keep it above 
water. With such a cross variation of two of the main factors, parent 
material and drainage, the determination of soil series is a task of some 
magnitude. Furthermore, East Anglia, constituting as it does the pre- 
dominantly arable part of this country, has been subjected to human 
influence to a marked degree. The practices of draining, claying, chalk- 
ing, tillages, and manuring have been extensively applied, some of them 
over considerable periods, and have inevitably rendered the study and 
classification of the soils more difficult. 

Soils of the Boulder Clay.—The enormous area of Boulder Clay in the 
eastern counties has been indicated. It is by no means uniform through- 
out its extent in respect either of thickness or constitution. Thus in 
Hertfordshire, Huntingdonshire, Cambridgeshire, Essex, and mid- 
Suffolk it is a heavy blue clay, in E. Suffolk it is a sandy clay, in W. 
Suffolk and NW. Norfolk it is often described as disturbed chalk. On 
the flanks of all areas it thins out considerably and in a general way also 
it gets thinner and less clayey from west to east and from Essex to 
Norfolk. Bands of sand and gravel are common, especially in marginal 
areas. ‘T'ypical exposures show a moderately warm, brown, heavy soil 
lying on a lighter yellow-brown, clay subsoil which, at a depth of several 
feet, merges into a dark grey or blue clay. The whole is charged to a 
greater or less extent with ragments of chalk, flints, and stones of all 
descriptions. In contrast with this heavy material, one finds in NW. 
Suffolk a sandy surface layer, more chalky, lying on a brown sandy clay 
subsoil. Farther north the material appears to be chiefly chalk debris or 
yellowish-white loamy marl. / 

The variations in the parent material are closely reflected in the nature 
of the soils. Heavy clay soils predominate in Huntingdonshire, N. Bed- 
fordshire, W. Cambridgeshire, N. Hertfordshire, and NW. Essex, but, 
proceeding from Essex to Norfolk, the soils as a whole get steadily lighter, 
with all gradations of texture to the extreme of very coarse sands. Typical 
mechanical analyses are given in Table 1 (these analyses were originally 
performed by the 1906 A.E.A. method, and the results have been 
approximately converted to the present scale by plotting summation 
curves and deriving the new figures by interpolation). 

The distribution of soil types on a broad texture basis within the 
Boulder Clay area is illustrated in Table 2 which gives the results of a 
general soil survey of the area, carried out by the School of Agriculture, 
Cambridge, some years ago. 

In the main the Boulder Clay is distinctly calcareous, much of the chalk 
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TABLE 2. Texture of Boulder Clay Soils 


| No. of Per cent. distribution of samples on texture basis : 


| samples | Heavy | Medium) Light Sandy 

Area examined Clays  loams | loams loams soils 

Kesteven . ‘ | = 13 31 38 18 ° 
Huntingdonshire . 74 24 38 38 20—CO*/| 4 | ° 
Bedfordshire : wil 23 48 26 4 22 ° 
W. Cambridgeshire. II 45 55 ° ° ° 
Hertfordshire ; : 30 13 50 20 14 3 
Essex . ‘ ‘ -| ‘ee 7 39 22 30 2 
E. Cambridgeshire a 8 ° 75 25 ° ° 
W. Suffolk . ~| ° 32 22 14 
E. Suffolk . ; , 52 2 8 15 58 17 
Norfolk 68 2 9 19 38 32 
Total all areas . . 933 II 28 19 30 12 


existing in rounded pebbles and granules in the clay matrix. In general 
the amount is much greater in the subsoil than in the topsoil. The most 
chalky areas coincide with the heaviest soils; thus chalk contents of 5 to 
20 per cent. are the rule in Bedfordshire, Huntingdonshire, W. Suffolk, 
and Essex, while the lowest figures are met with in the more open soils 
of the eastern fringes of the formation, and in E. Suffolk and Norfolk, 
where the figures as a rule lie between o-1 and 5 per cent. 

Agriculturally, the Boulder Clay soils comprise a wide range of textures 
from the easily worked light loam soils in the north of the province to the 
heavy clay of NW. Essex in the south and Bedfordshire and Huntingdon- 
shire in the west. These soils cover a large part of the area from which 
the Eastern Counties have derived their reputation for arable farming. 
Some 70 a cent. of the Boulder Clay area is arable, the system of 
cropping for the most part being a four-course rotation modified in some 
cases to meet individual requirements or market conditions. In this way 
approximately half the arable land carries cereal crops, one-quarter roots 
or fallow, and one-quarter leguminous crops. 

Where the soils are lighter in texture, barley is the chief cereal crop, 
conditions being favourable for the production of a good malting sample. 
There is also a hair acreage of wheat, whilst of the root-crops, sugar-beet 
has assumed a position of considerable importance during recent years. 
On the heavier soils wheat is the most important cereal crop, and, though 
sugar-beet is still grown to some extent, it is of much less importance 
here than on the lighter soils. These heavy soils are also noted for seed- 
production, especially the seed of clovers and root-crops. 

The live-stock industry also changes in passing from north to south 
in the Boulder Clay area. In central Norfolk, dairying is now an im- 
portant industry, whilst on the lighter soils of NW. Norfolk sheep are still 
a feature of the district. Passing south, live stock gradually become a 
less conspicuous feature, until in NW. Essex they are, on many farms, 
of relatively little importance. Concurrently there is also a change in the 
type of live stock for, travelling from north to south, both fattening and 
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dairy cattle become gradually less prominent, whilst the pig industry 
becomes progressively more important, rising to a maximum in central 
Suffolk and thence, in common with other types of live stock, steadily 
decreasing in importance. 

It is perhaps worthy of note that in recent years an appreciable acreage 
of market-garden crops, such as Brussels sprouts, cabbage, broccoli, and 
carrots, have been grown on many farms in this Boulder Clay area, 
especially on the light and medium loams. 

Soils of the Glacial Gravel._—Glacial Gravel assumes prominence round 
the eastern flanks of the Boulder Clay area. The formation is composed 
variously of layers of coarse gravel, coarse or fine sand, and occasionally 
loam or clay. The pebbles in it are mostly of flint, quartz, or hard chalk. 
There is evidence of calcareous cementation in the horizons immediately 
below the Boulder Clay. In the main the larger areas of this formation 
produce very sandy soils, but in the valleys, by the action of the rivers, 
where it has been exposed in long narrow strips, the higher lying Boulder 
Clay has contributed a proportion of fine particles and the soils are loamy 
sands and gravelly loams. The clay fraction in these soils varies from 
I°5 up to 12 per cent., the coarse sand from 70 to 25 per cent., and the 
fine sand from 13 to 40 per cent. The amount of the clay fraction 
determines the use to which these soils are put. Considerable areas are 
almost devoid of this constituent and as a result are heaths. Some of the 
soils of the Suffolk coastal belt have enough to make them useful agricul- 
turally, whilst in Essex and Hertfordshire the clay fraction is sufficiently 
high to give easy working and fertile soils. ‘The lightest soils carry the 
lowest calcitum-carbonate content, and although many individual samples 
show I per cent. or more, many contain less than o-1 per cent., and quite 
a number are acid in reaction. 

The Glacial Gravel soil types are illustrated in Table 3. 


TABLE 3. Analyses of Glacial Gravel Soils (per cent.) 


County: Kesteven Suffolk Essex Essex 
Locality: Collingham | Thorington | Paglesham | Tolleshunt 
Soil 
Coarse sand . . 70°2 34°2 37°5 
Fine sand . 13°5 23°4 34°4 30°0 
Silt . ‘ 14°5 15°7 
Clay . 59 9°8 12°3 
CaCO, 0°22 0°06 0°42 
Subsoil 
Coarse sand : 79°3 58°4 34°0 
Fine sand . F 8-3 24°3 34°3 30°2 
Silt . 6°7 14°8 17°9 
Clay . : 2°5 10°2 
CaCO, ols 0°03 0°02 0°05 


_ The Glacial Gravels give rise to very diverse types of farming, depend- 
ing not only on soil variation but also on local market conditions. The 
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main area, forming the coastal belt in Suffolk, provides examples of the 
wide differences existing within the group. The northern portion of this 
belt is, as in the case of the Boulder Clay area, generally lighter in texture 
than the southern portion. In addition, the southern parts of the area 
have the advantage of proximity to two large consuming centres, Ipswich 
and Colchester. In general, where these soils are near to a local market, 
they are devoted to a relatively intensive type of farming. From half to 
two-thirds of the land is arable, and of this about half is devoted to cereal 
crops. Potatoes and market-garden crops form an important part of the 
remaining arable acreage, though sugar-beet is extensively grown where 
a factory is within easy reach of the farm. Live stock are an important 
feature of the farming, especially dairy cattle and poultry. 

Where no local consuming centre is available the type of farming is 
much less intensive. There is little market-gardening, and sugar-beet 
has generally come to assume the position of the most important root or 
fallow crop. Sheep play a greater part in the agriculture of these districts 
but dairying is still important. Considerable areas of the lightest of these 
soils are at present uncultivated, the high proportion of coarse sand 
rendering them both infertile and subject to drought. Such areas con- 
stitute the typical ‘heaths’ of this coastal belt. Several large tracts have 
in recent years been taken over for afforestation. 

Soils of the Alluvial Deposits—Next in importance after the glacial 
deposits come those of an alluvial nature, accounting as they do for the 
Fen area, the Thames estuarine and Essex coastal flats, the valleys of the 
Fen rivers, and the Norfolk Broads district. Round the mouths of the 
rivers, especially along the Essex coast and that of the Wash, the alluvium 
consists in part of heavy silts or clays, but mainly, especially in the latter 
area, of fine sands. The inland parts of the Fen basin are covered with 
soils derived from Fen peat, whilst round the inland borders of this flat 
country and along the banks of the existing rivers in their upper parts, 
considerable areas of Valley Gravel are to be found. Most of these areas 
have a naturally high water-table, and although the soils are free-draining, 
they are for the most part dependent on arterial-drainage schemes com- 
bined with pumping on an extensi¢e scale. 

The Alluvium is characterized by rapid lithological variations both 
vertically and horizontally, but the prominence of fine sand and silt 
amongst the mineral particles is noteworthy. The deposits often contain 
marked amounts of soluble salts, attributable to their marine origin, and 
locally, saline waters are a well-known cause of spraying difficulties. The 
precise incidence of this aspect of the soil sh has not been 
worked out. 

The Fen peat consists of an accumulation of organic matter singularly 
free from mineral particles, and several feet thick, lying on clays of 
Lower Cretaceous and Jurassic origin. It has accumulated under swamp 
conditions in the presence of calcareous water. The whole area is very 
little above sea-level and much of it is below the level of the rivers running 
through it. In Wicken Fen, the chief undrained and uncultivated area, 
the peat, and the water in it, are alkaline. Layers of freshwater shell marl 
are common in exposures, and calcite is found on the sub-aqueous 
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vegetation in the ditches. The cultivated black fenland has been con- 
siderably modified by artificial drainage and the practice of claying, even 
in those areas where intrusive mineral matter (sand, clay, or silt) is not 
an initial cause of variation. 

The Valley Gravels consist of deposits of flints, pebbles, chalky gravel, 
and sand, most widespread at the foot of the high lands surrounding the 
Fens and along the Thames estuary. The chalky gravel is more charac- 
teristic of the older deposits, whilst the sand seems to be a feature of 
those of more recent origin. The wide range of alluvial soil types is 
illustrated in ‘Table 4. 

The following is a description of a soil profile on Old River Gravel at 
Cambridge in a slightly elevated position, with free drainage: 

oto 8in. Dark grey-brown, gravelly, coarse sandy soil. 
8 to 14 in. Similar, but lighter and richer brown colour. 
14 to 20 in. Light-brown, coarse gravelly sand. 
20 to 38 in. Compact, orange-brown, clay-sand with rusty iron pan at 
base. 


38 in. + Very flinty sand with fragments of chalk. 


Analysis (per cent.) 
o-8 in. 8-20 in. | 20-38 in 
A.E.A. 1927 Method | 
Coarse sand. 53°97 55°50 | 54°40 
Fine sand 19°01 17°99 | 14°37 
Silt 8°55 | 9°45 | 5°00 
Clay ‘ 13°06 12°79 | 23°76 
Loss on solution 1°33 0°94. 
Loss on ignition | 6°33 | 5°79 3°68 
| | 
48 hours HCl Extraction | 
Insoluble residue. 82°46 83°24 80°54 
Fe,0, . 2°60 2°26 3°26 
Al,O,; . : 4°66 5°07 8-21 
CaO ‘ ‘ 0°96 0°77 0°54 
MgO . 0°27 | 0°26 | 0°49 
K,O : 0°39 | 0°37 0°53 
Exchangeable CaO . 0°39 


pH. 6°9 


The Fen silts, being deep and moist, are among the most highly valued 
soils in the country. Their yielding powers are phenomenal, and since 
the spread of potato-growing and the introduction of horticultural crops 
into the area their treatment has become more and more intensive. Some 
four-fifths of the land is arable, with potatoes occupying approximately 
one-third of this area in each year. Wheat and sugar-beet also are 
important crops, whilst recently there has been a marked expansion in 
the growing of peas for canning, in addition to the already considerable 
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acreage of peas grown for packeting or pulling green. Broccoli, cauli- 
flower, and spring cabbage are also a feature of these soils, as well as 
root-crops and mustard grown for seed. Bulb-growing for the produc- 
tion of flowers has been practised for some time and in the last few years 
this industry has been extended considerably and now includes the 
production of bulbs themselves. In the southern part of the area the 
cultivation of fruit is extensively practised, the acreage of soft fruit having 
increased rapidly of late years to meet the demands of the recently 
established boll canning factories. Live stock play little part in the 
agriculture of these silt lands. As in the case of the Fen peats, fattening 
cattle, kept to tread down the straw into manure, have recently become 
less popular, but a considerable number of pigs are kept. 

The agricultural value of the Fen peaty soils depends largely on two 
factors, (1) an efficient drainage-system—the water being raised by pumps 
from the field dykes into the main water-courses, (2) the depth of the 
peat-layer and the nature of the underlying mineral material. Where a 
bed of what is locally termed ‘blue buttery clay’ is to be found within a 
few feet of the surface, this material can be excavated from trenches 
across the fields and spread on the surface, thereby improving the 
texture and cropping powers of the land. Almost all the best black fen- 
land has been ‘clayed’ in this way in the past and the process requires to 
be repeated, though at fairly long intervals, if the cropping power of the 
land is to be maintained. Almost the whole of the Fen peat area is arable; 
potatoes, sugar-beet, wheat, and barley are the principal crops, and 
though the quality of the produce is not of the best, the heavy yields 


more than compensate for this. Appreciable acreages of carrots, mustard 
seed, rape or ‘cole’ seed, and celery are also grown. Live stock are of little 
importance in these districts; formerly, bullocks were fattened in yards 
primarily to tread down the large quantities of straw, but in recent co 


there has been a tendency to replace bullocks by pigs, though the latter 
are still often regarded as a necessary evil rather than a desirable side-line. 
Where the peat layer is too thick or the underlying mineral material is not 
suitable for mixing with the top peat, these soils are much less valuable. 

In view of the favourable situation of the Valley and River Gravels, 
it is not surprising that many of them are to a large extent devoted to 
market-gardening. The valley gravels of Bedfordshire and SE. Essex 
have for many years supplied vegetables to the chief markets of London 
and the Midlands. At the same time, it has been possible to return to 
these soils vast quantities of town dung, which has served to build up in 
them reserves of organic matter and plant-food sufficient to lift them to 
an entirely different level of fertility. ‘They are devoted almost exclusively 
to the production of potatoes and vegetable crops, cereals being grown 
only when it is desired to rest the land. In Cambridgeshire the intensive 
cultivation of these gravels has developed more along the lines of fruit- 
and flower-culture, vegetable-growing being less popular. Live stock 
and permanent grassland are almost unknown on most holdings and play 
little part in the agriculture of the district. 

Soils of the Chalk.—The Chalk comes next in importance from the 
point of view of the area of land concerned. Though it underlies approxi- 
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mately one-third of the whole area, it Sag 9 over a comparatively small 
portion of it, between the main Boulder Clay mass in the east, and the 
Fens and Lower Cretaceous areas on the west. The basement beds of 
the Upper, Middle, and Lower Chalks are frequently marked by escarp- 
ments, so that they, with the Chalk Marl, in general constitute a succes- 
sion of terraces along the length of the outcrop. Superimposed on this 
outcrop there are, in various localities, outliers of the Boulder Clay, 
patches of Valley Gravel, Old River Gravel, Glacial Gravel, and Clay 
with Flints. Considerable areas, especially in Norfolk and Suffolk, are 
covered by a layer of coarse sand. The terms ‘whitelands’ and ‘redlands’, 
used locally, serve to indicate one method of classification. The former 
include soils which largely consist of chalk and in which the solid chalk, 
or in some cases disturbed chalk, lies within a few inches of the surface. 
Such soils occur throughout the four main divisions of the Chalk forma- 
tion. Over considerable stretches of SE. Cambridgeshire are to be found 
‘redlands’ consisting of light sandy loams, slightly stony and of varying 
depth, lying on the Middle Chalk. Throughout this area patches of the 
older gravels are frequent and there is a great similarity between the soils 
on them and those on the surrounding chalk exposures. The chalk in 
NW. Suffolk and in Norfolk is covered by even coarser and more open 
sands, associated with the characteristic heaths and woods of these parts. 
In Hertfordshire, where expanses of Clay with Flints are common, yet 
another type of soil material is to be found. 


The constitution of some of these types of chalk soils is indicated in 
Table 5. 


TABLE 5. Analyses of Chalk Soils (per cent.) 


Type: Whitelands Whitelands Redlands Sand on Chalk 
| 
Formation: | Chalk Marl | Middle Chalk Middle Chalk | Middle Chalk 
County: Cambs. Cambs. Cambs. Suffolk 
| | | 
Locality: Litlington Heydon __Ickleton Brandon 
Soil | 
Coarse sand . | 5°0 9°3 39°3 59°7 
Fine sand. 10°7 18°4 | 35°8 
Clay . 20° | 9°3 0°3 
CaCo, . 29°3 59°5 13°3 0°07 
Subsoil | | 
Coarse sand . | 3°0 | Chalk | 38°4 71°2 
Fine sand. 10°7 | 20°0 26°0 
Clay . 19°4 10°6 
CaCO, 36°4 | | 16°7 


The soils overlying the chalk-formation are almost exclusively devoted 
to extensive arable farming. Some four-fifths of the land is under the 
plough, except in the case of sand on chalk, where the proportion of 
arable is rather less. The principal crops are barley (for malting), sugar- 
beet, and green crops for folding by sheep. In addition, a considerable 
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acreage of wheat is grown and many of these soils, particularly the ‘white- 
lands’ in Cambridgeshire, are noted for the production of the seed of 
leguminous crops. Though live stock in general are a relatively un- 
important feature of the agriculture of these districts, sheep are regarded 
by many farmers as an essential part of their farming policy. ‘The folding 
of green crops and seeds-leys by sheep is the chief means of maintaining 
these soils in a reasonably fertile condition, especially in the case of the 
lighter textured sands on chalk, though the ploughing in of green crops 
as ‘green manure’ is also a common practice, especially on the ‘white- 
lands’. Fattening-cattle have become less conspicuous in these districts 
in recent years, but a good number of pigs are lan. The lightest of the 
sand-on-chalk soils are uncultivated, giving rise to wide expanses of 
heath, appreciable areas of which are planted with forest trees. 

Soils the Clay-Formations.—Besides the Boulder Clay, there are in 
this part of Ps A other considerable localized areas in which the 
parent material is clay. Examples of typical soils on these formations are 
given in Table 6. 


TaBLeE 6. Analyses of Clay Soils (other than Boulder Clay (per cent.) 


Formation: Clay with London | London | | Kimeridge | Oxford _— Lias 
Flints Clay Clay | Gault Clay | Clay Clay 
County: Herts. Essex Essex | Cambs. Cambs. | Hunts. Kesteven 
Locality: | Weston Rettendon| Havering Cambridge} Lolworth | Holywell | Sedgbrook 
Soil | 
Coarse sand 28-1 199 | 22 «| 3°9 20:0) 10°! 
Fine sand . 18-6 24°7 48-0 4 24°4 17'0 
Silt . | ana ..| 17°5 | 17°7 15'8 17°97 29°6 
Clay . 258 | 20°3 | 61-1 34°00 35°8 
CaCO, | o46 O17 | 185 | 79 ° 0°06 
| | | | 
Subsoil | 
Coarse sand 239 | 188 | 2°9 20°6 8-7 10°6 
Finesand . 154 | 23°9 27°4 | 6°38 223. | 17°4 12°3 
Sit . aa 99 | 201 | 165 | 17°5 168 | 169 26°4 
Clay . a a 408 | 422 | 6171 394 | 386 37°2 
CaCO, O57 oor | | ° | 0-02 


The Clay with Flints occurs on the crests and higher slopes of the 
exposures of the Chalk in Hertfordshire. It consists of stiff red clay, 
reddish-brown loamy clay, and reddish-brown sandy clay, associated 
with flints and pebbles. Its origin is doubtful, and particularly whether 
it is a derivative of the Chalk or of more recent Eocene deposits. In the 
main, the surface soils vary from light to heavy loams, lying on much 
stiffer subsoils, frequently clay. Many of the soils examined are of very 
low chalk-content. 

The London Clay covers a considerable area of the lowlands of SE. 
Essex and of S. Hertfordshire. It consists essentially of stiff blue or dark 
brown clay weathering to a much richer brown or yellow at the surface. 
The soils are heavy, varying from clays to medium loams, on markedly 
heavier subsoils. The chalk-content is low, nearly always less than 
I per cent. 

he Gault gives rise to some of the heaviest land in the country, in a 
strip lying at the base of the Chalk escarpment in Bedfordshire and 
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Cambridgeshire. The elevation of the area is very slight and general 
drainage conditions are poor. In its ordinary winter condition the soil 
is impervious except in the tilled layer, and standing water on the surface 
is a common occurrence except where under-drainage has been carried 
out. In summer, on the other hand, drying out and fissuring occur to a 
considerable depth, in dry years to as much as 5 ft. The general nature 
of the profile is indicated in Table 7. 


TABLE 7. Analyses of a Gault Soil Profile (per cent.) 


44-66 in. | 
Blue-grey clay | 
30-44 in. with mottling | 
0-30 in. Blue-grey clay| and white 
Yellowish-grey| with orange | crystalline 66 in.+ 
heavy clay mottling | pockets Blue-grey clay 
A.E.A. method 1927 
Coarse sand . 3°9 2°9 0°02 0°03 
Fine sand 74 
Silt P 17°7 17°5 12°5 
Clay . ‘ 611 611 51°6 52°2 
CaCO, 10°! | 35°1 36°2 
Loss on_ ignition 
(less CO.) 9°9 8-1 5°3 | 
Nitrogen . ‘ 0°04 0°04 
_ Exchangeable CaO 0°89 0°89 0°37 
48 hours HCl Extract | | 
Insol. residue 52°8 51°5 | 33°43 
Fe,O; . 4°32 4°80 2°96 3°08 
Al,O, .« ‘ 15°91 16°03 | 14°89 14°13 
. 5°27 6°21 20°16 20°75 
MgO . 0°97 1°03 0°82 
. 1°40 1°44 1°44 1°44 
soy. . a | 1°9 


Actually, considerable variations are found within the horizons set out 
in Table 7. Thus the surface soil rapidly changes from dark grey-brown 
at the surface to yellowish-grey at a depth of 5~g in. On grassland the 
amount of organic matter in a typical sample fell from 12 per cent. in the 
first inch to 3 per cent. at a depth of 6 in. and 2 per cent. at 12 in. The 
percentage of calcium carbonate at the surface was 3 per cent., at 12 in. 
4 per cent., at 24 in. 18 per cent., and at 36 in. 39 per cent. 

The Kimeridge Clay appears for the most part as island outcrops in 
the general Fen area, associated with low-lying and flat land. In contrast 
with the Gault, this material is non-calcareous, but exhibits similar 
—T in the subsoil. Details of a characteristic profile are given in 
Table 8. 

The Oxford Clay is the parent material of much heavy land in the 
north of Bedfordshire, in Huntingdonshire, and Kesteven. It consists 
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TABLE 8. Analyses of a Profile of a Kimeridge Clay Soil ( per cent.) 


13-27 in. |  34in.+ 
9-13 in. Light-brown 27-34 in. Grey clay with 
0-9 in. Light-brown clay, with Grey-brown much coarse 
Grey-brown | transition orange clay, with | crystalline cal- 
heavy loam | layer mottling mottling | cium sulphate 
A.E.A. method 1927 
Coarse sand . 20°0 20°6 14'2 7% o'r 
Fine sand. 24°4 22°3 20°3 6-6 2°7 
Clay . 34°0 39°4 48-0 60°5 40°9 
Moisture 29 3°6 43 6°5 
Loss on solution . 1°16 1°02 0-99 
Loss on_ ignition 
(less CO.) . 6°55 5°35 5°60 6°13 5°79 


48 hours HCl Extract 
Insol. residue 


Exch. CaO . 


of grey-blue clay, which weathers to a creamy or brown colour. The 
profile shows similar trends to those of the Gault and Kimeridge Clay 
soils in the transition of colour from surface to depth, and in the occur- 
rence of mottling and accumulation of crystalline material in certain 
horizons. The soils are all clays or heavy clay loams with, as a rule, a 
calcium-carbonate content up to 3-4 per cent. 

The Lias Clay in this province is confined to the west of Kesteven, 
where it gives rise to soils varying from heavy clays to medium loams 
with a small calcium-carbonate content. 

The agriculture of these clay-formations differs considerably from 
that of other formations in the province. After the Boulder Clay, the 
London Clay is probably the most important clay-formation in the area. 
The soil is heavy, but its proximity to London and other large consuming 
centres gives it very definite advantages in the disposal of its agricultural 
produce. Nearly three-quarters of the London Clay is under permanent 
grass with live stock and milk-production the outstanding features of the 
agriculture of the area. Poultry, feeding-cattle, and grass-sheep find a 
place in the farming of this district, but pigs are not kept to any great 
extent. The small proportion of land under arable cultivation is devoted 
largely to potatoes and market-garden crops. Wheat, barley, and sugar- 
beet, so important a feature of the agriculture of the Boulder Clay, are 
comparatively unimportant on the London Clay soils. 

The Gault, Oxford, and Kimeridge Clays give rise to — soils 
which are, for the most part, typical wheat and bean land. Bare fallows 
are taken more frequently than on any other soil types in the province. 
If the difficulties of natural drainage can be overcome and the land be 
liberally treated with phosphates, these clays will usually carry quite good 
permanent grass. When corn prices are good, a fair proportion of these 


| 

75°15 73°99 79°33 56:86 36°55 

8-40 8-08 9°84 8-72 4°32 

q Al,O; . 3°94 4°64 6°22 9°83 9°03 

Ca . 0°65 0°76 5°39 15°49 

MgO . 0°63 0°84 1°07 0-98 

K,O . ‘ I'lo 1°32 1°95 1°53 

SO, . 0°33 0°34 0°29 0°64 12°30 ‘ 

4 


74 H. H. NICHOLSON AND F. HANLEY 


clay soils is kept under the plough, but when cereals become unremunera- 
tive, considerable areas are either sown down, or allowed to tumble down 
to grass. Live stock are not a prominent feature of the agriculture of 
these areas. A little dairying is practised locally, but feeding-cattle are 
the most common type of stock, though grassland sheep have increased 
in importance in recent years. 

Souls of the Lower Greensand.—A small but important area of the region 
is occupied by soils derived from the Lower Greensand. This formation 
outcrops in an interrupted belt through Bedfordshire, Cambridgeshire, 
and W. Norfolk. It consists for the most part of coarse sands or sand- 
stones, giving rise to soils, rich brown or reddish-brown in colour, and 
coarse sands or loamy sands in texture. Except where they have been 
limed, they are as a rule acid. 

From the agricultural standpoint the Lower Greensand soils fall into 
three main groups, (1) the light sandy soils favourably situated as regards 
transport and markets, (2) soils of similar or lighter texture but less 
favourably situated, (3) loamy sands. Near the edge of the outcrop, 
where the Greensand becomes mixed with Kimeridge or Gault clay, a 
heavier textured soil is found. The light sandy soils constitute the typical 
early market-garden land of Bedfordshire, and are used almost exclusively 
for the production of early potatoes and vegetables when they are within 
easy reach of good markets. The very lightest of these soils are frequently 
left as heaths or woodlands. ‘The loamy sands and loams make good fruit 


= and the Cambridgeshire area carries a high proportion of mixed 
ruit. 


For further detailed information on the soils and agriculture of this 
province, reference may be made to the following publications: 


F. W. Foreman, Soils of Cambridge. J. Agric. Sci., 1907, 2, 167-82. 

L. F. Newman, Soils and Agriculture of Norfolk. Trans. Norfolk and Norwich 
Nat. Soc. 1912, 9, 349-93. 

T. Rice, Soils and Crops of the Market-Gardening District of Biggleswade (Beds.). 
J. Agric. Sci., 1916, 7, 385-431. 

C. WRIGHT and J. F. Warp, Soils and Fruit of the Wisbech Area. Research Mono- 
graph No. 6 of Min. of Agric. (Gt. br), 1929. 

J. F. Warp, West Cambridgeshire Fruit-Growing Area. Bull. No. 61 of Min. of 
Agric. (Gt. Br.), 1933. 

Natural History of Wicken Fen (edited by J. Stanley Gardiner and A. G. Tansley), 
Bowes and Bowes, Cambridge, 1923. 

Economic Survey of Agriculture in the Eastern Counties of England, Reports 19 
and 21 of Farm Economics Branch, Dept. of Agric., University of Cambridge. 


(Received August 10, 1934) 
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WOOL-GROWTH IN SHEEP AS AFFECTED BY THE 
CARBOHYDRATE-CONTENT OF THE DIET. II 


A. H. H. FRASER 
(Rowett Research Institute, Aberdeen) 
and 
J. E. NICHOLS 
(Wool Industries Research Association, Leeds) 


Introduction.—In a previous experiment [1] we showed that a starch 
supplement fed to sheep under certain conditions produced a significant 
increase in both body-weight and gross fleece-weight. The increase 
in gross fleece-weight was reflected in the weight of clean wool, the 
increased yield being due to a definite increase in fibre-thickness, a 
slight increase in fibre-length, and possibly also to an increase in the 
proportion of follicles actively elaborating fibres. In that experiment 
one group of ten growing sheep was fed a maintenance ration, while a 
second group of ten was fed the same ration supplemented with 
maize starch. 

At the end of the experiment the group fed on the maintenance ration 
was divided into two sub-groups of five sheep. One sub-group was again 
fed a maintenance ration while the second was fed the same ration 
supplemented with maize starch. The results of feeding the starch 
supplement to sheep after a period of arrested growth are recorded in 
the present communication. 


Experimental Results 


Duration and food consumption —The experiment began on June 12, 
1933, and continued until September 18, 1933—a period of 98 days. 
The food-consumption during that period is shown in Table 1. 


TaBLeE 1. Foods consumed Fune 12-Sept. 18, 1933 


| Group II 
Group I (maintenance + maize 
(maintenance) | starch) 
| Total Per sheep | Total Per sheep 
Food lb. lb. | lb. lb. 
Potatoes 897 179 897 179 
Meals! . | 219 44 219 44 
Oat straws. a4 252 50 | 252 50 
Starch . | ° ° 489 98 
Water and salt (NaCl). | _—_ad lib. ad lib. | ad lib. ad lib. 


1 Composition of Meal: (1) Linseed-cake meal. (2) Chalk, 2:2 per cent. of (1). 
(3) Cod-liver oil, 24 c.c. per head daily. s 


The only dietary difference between the two groups was that Group IT 
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received a supplement of 489 lb. of maize starch, or a total of 98 lb. per 
head, during the 98-day period of the experiment. 

Body-weight.—The effects of this supplement on body-weight are 
shown in Fig. 1. It is seen that whilst the initial mean weights of the 
two groups were almost — the final weights at the end of the experi- 
ment were significantly different, the final mean weight of Group I 
being 67 lb., that of Group II 86 lb., the mean difference between the 
two groups being therefore 19 lb. 
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Fic. 1. Body-weight of Sheep in pounds. 


Wool-analyses.—The sheep were sampled on September 18, 1933, the 
wool on the areas defined by tattooing, at the outset of the previous 
(winter) experiment [1], being carefully separated from the contiguous 
staples, and removed. These samples were compared with those taken 
on May 24, at the end of the first experiment. The wool on the defined 
areas represented 117 days’ growth, compared with 169 days previously. 
Shearing took place on September jg, the fleece-weights recorded being 
those resulting from 117 days’ growth (the comparison in this case being 
with the earlier period of 161 days) [1]. 

From May 25, 1933, all the animals were maintained upon the basal 
ration; the administration of the starch supplement to Group II started 
on June 12, and continued until September 18, thus the nutritional 
difference between the Groups was carried on for a period of 98 days. 
The conditions of growth of the fleeces of Group II consisted in 19 days 
on basal ration and 98 days of starch supplement, and those of Group I, 
117 days on basal ration, following upon 161 days of basal-ration feeding 
in both groups. 

The methods of analysis were the same as those employed previously 
[1], and the results are expressed in the form of a percentage change 
upon the conditions at the beginning of the experiment. 

(a) Fleece-weights—The average fleece-weight of the group receiving 
the starch supplement was about 2} times that of the basal-ration group 
(Table 2). These weights do not reveal the effects of the ration on actual 
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wool-production, but estimates of the amounts of clean wool grown can 
be made, assuming that the area samples are representative of the whole 


fleeces in respect of clean-wool yield. These estimates are given in 
Table 3. 


TABLE 2. Fleece-weights (in grammes) 


Group I | Group IT 
Pre- Per cent. |  Pre- | 


Animal | exptl. | Exptl. | change | Animal exptl. Exptl. 
494 415 | —16°0 | 5 305 880 
304 340 +e | 88 534 730 
605 | | 15 302 775 
| 
| 
| 
| 


524 335 | —361 648 1,r40 
223 135 | —39°5 20 662 145 


430 | 364 | 


934 
+79°38 +88°55 


Difference of Means: Pre-experimental: 60°2+ 106°8 
Experimental: 570+ 115°4 
» Percentage change: 122°4+ 30°09 


| $7151 | +7411 | +9°84 


TABLE 3. Sample Yield and Estimated Weight of Clean Fleece (gm.) 


Group I | Group IT 
\Pre-experimental| Experimental | Pre-experimental| Experimental 


| Sample | Estmd. Sample Estmd. | Estmd. Estmd. 
| yield | clean | yield | clean | 1 clean ] clean 
| per | fleece- |  fleece- fleece- fleece- 
Animal cent.’ | weight cent. weight | Animal | weight weight 


| 368 73°6 305 
66°9 | 203 | 72°4 | 246 


| 5 208 433 

| } 386 475 

759 459 | 449 | «15 188 377 

| 368 | 75°4 253 | “6 | 451 | 733 

66°5 148 | 69:2 | 20 485 710 
| 


7o8 | 309°2 | 343°6 | 57°90 | 545°6 


! Clean, dry wool as percentage of raw (greasy) wool. 


On this basis, although the difference between the groups is not so 
wide as in the greasy fleece-weight, the effect of the starch supplement 
in raising the level of production is clearly shown. 

(b) Area oaigle-—Thi clean dry weights of wool grown on the 
tattooed areas are given in Table 4. The difference between the two 
groups was insignificant prior to this experiment, but that at the end of 
the 117-day period demonstrates the advantageous effect of the starch 
supplement, which may be credited with leading to an increased 
production of 47 per cent. 

(c) Mean fibre-length—The mean fibre-lengths were determined by 
the method of Roberts [2], the area samples each being divided into eight 
zones, and the proportion of fibres measured being one in eight, except 
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in two cases where it was one in six and one in nine. The numbers of 
‘short’ fibres present were small and they made little contribution to the 
total lengths measured. Table 5 shows that the character of mean fibre- 
length underwent no significant change under the experimental condi- 
tions; the difference in production therefore must lie chiefly in the 
response of fibre-fineness to the altered nutritional level. In this respect, 
the present results confirm those of the earlier experiment. 


TABLE 4. Clean-Dry Weights of Area Samples (in gm.) 


Group I | Group II ee 
| Pre- | Per cent. | Pre- | Per cent. 

Animal __exptl. Exptl. change Animal exptl. | Exptl. change 
I 184 | 1°53 | —169 | s | 357 | wa | +4397 
3 0°93 +40°9 II | | — 13 
Yj 1°83 2°03 | +10°9 | 15 23. | 2°06 | +67°5 
9 1°25 1°35 + 80 | 17 35 2°18 | +61°5 
13 1°03 0°45 —56°3 | 20 | 2°71 +52°3 
Mean | 1°38 | 1°33 — 27 | 1°49 2714 | +44'5 
S.E. | +162 | +o'19 +12°2 


Difference of Means: Pre-experimental: o-11 
Experimental: 0°81-+ 0°32 
Percentage change: 47°2+20°3 


TaBLe 5. Mean Fibre-lengths (in cm.) including Short Fibres 


Group I | Group IT 
| Pre- | Per cent. | | Pre- | | Per cent. 
Animal | exptl. | Exptl. change | Animal exptl. | Exptl. | change 
I oss | | | | | 
3 37 | 47 +270 | 59 | 45 | —23°7 
7 63 | 51 44 | 44 
9 | 58 | 40 —3r0 17 56 —5°4 
3 | 38 | 1'2 —68°4 | 20 60) —18°3 
Mean | 5°03 3°88 —22:4 | 556 4:84 | —12:2 
S.E. | +069 +15°25 | +029 +o16 | +4:29 
Difference of Means: Pre-experimental: 0°53--0°61. 
» Experimental: 0-96-++0°71. 
= » Percentage change: 10°2+15°8. 


(d) Average fineness—Fibre-growth during this period was coarser 
than that of the winter experiment; and although the differences between 
the pre-experimental “a experimental group means are not significant, 
the Sane percentage changes show that a real alteration in this character 
occurred. 

A differential response as between the characters of mean fibre-length 
and average fineness is again manifested, the change in fineness of 
Group II outweighing the changes in length and growth-rate. 
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WOOL-GROWTH IN SHEEP AS AFFECTED BY DIET 


TABLE 6. Average Fineness (cm./mgm.) 


| | | Per cent. | | Per cent. 
Animal exptl. Exptl. change Animal Exptl. | change 


| 
| 
| 


167°3 185 +10°6 5 | 124 | —22°0 
206 166 —19°4 | 100 | —19'4 
163°5 139 —I5°0 | 15 | 205 | 
Ig! | 160 —16°2 17 93 | —41°5 
175 | 133 —24°0 | | 85 | —36°1 
180°6 156°6 —12°8 | | 1712 121°4 | —29°2 
| | + 6°05 | | +2832 | +2189 | +4°20 


Difference of Means: Pre-experimental: 9°4-++29°4. 
» Experimental: 35°2+ 23°8. 
os » Percentage change: 16°4-++ 7°37. 


Summary and Conclusions a 


In a previous communication [1], we showed that when starch is added 
to the maintenance ration of young Cheviot sheep, significant increases 
in fleece-weight and body-weight result, and that the increase in fleece- 
weight is mainly attributable to an increased diameter of the wool- 
fibres. 

The present communication provides further confirmation of these 
findings. The maintenance group of ten sheep was divided into two 
sub-groups of five. One sub-group continued to receive a maintenance 
ration for a further period of 117 days, during which they grew wool at 
the rate of 2-3 gm. per sheep per day as compared with 1-9 gm. per day 
during the earlier experiment. The second sub-group during 98 days of 
the second experimental period of 117 days received 98 lb. of starch per 
head in addition to the basal ration, and produced wool at the rate of 
4:7 Fm. per day, compared with 2-1 gm. in the earlier experiment. 

The addition of 1 lb. of maize starch per day to the maintenance diet 
of these growing Cheviot sheep, therefore, doubled their wool-produc- 
tion, and the increase was chiefly due to the greater thickness of the 
individual wool-fibres. 

The two experiments taken together show that although wool-fibre 
is a protein substance, nevertheless under certain conditions its growth 
may be profoundly influenced by the carbohydrate in the sheep’s ae 
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WITH PLATES 8, 9 AND 10 


CARCASS QUALITY OF THE PIG IN RELATION TO 


Growth and conformation.—Pigs, like other mammals, haye three main 
phases of growth. During the first phase, the skeleton grows more 
7 than at any later period. During the second phase, muscular 


growt 


predominates. This is followed by a phase during which the rate 
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Fic. 1. The relation between the growth-rate of the pig at various ages and the rate 

1 of increase of the water, ash, protein, and fat of the carcass at corresponding ages. 
The data used in constructing these curves were calculated from figures given by 
Ellis and Hankins (1925). 


of deposition of fat reaches a maximum; fat is deposited between and in 
r the muscles, and the animal becomes mature and finally overfat (see 
' Fig. 1). All these phases of growth appear to start at the head and travel 
i gradually to the tail, and the shape of the body thus undergoes pro- 

gressive changes. At birth, the pig has a relatively large head and a short 
body. As the animal grows older, the head becomes relatively smaller 
and the body relatively longer [44]. At the same time, the growing 
tissues exhibit progressive alterations in chemical composition [94]. The 
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bones gradually get harder and the water-content of all the tissues 
gradually decreases. The muscles become more pigmented with age and 
exercise, owing to an increase in their content of haemoglobin. The 
concentration of extractives also increases, and this gives the resultant 
meat a more marked flavour. As the animal ages, the quantity of fat 
deposited in the tissues increases. It is first of all deposited in the sub- 
cutaneous tissues and around the kidneys (flare fat), stomach, and 
intestines. As the animal becomes mature, the back fat increases in 
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Fic. 2. The relation between age, live-weight, and the iodine number of the fat. 
These curves have been constructed from data given by Ellis and Hankins (1925). 


thickness and fat is laid down between and in the muscles. It is this 
inter- and intra-muscular fat, —- in the abdominal muscles, that 
is responsible for the ‘finish’ of the resultant carcass. Besides increasing 
in quantity, the fat also improves in quality as the pig grows older. The 
fat of young pigs contains a higher proportion of unsaturated fatty acids 
and is therefore relatively soft. As the pig grows older, the fat becomes 
more saturated and consequently harder. ‘This fat has a lower iodine 
number and a lower refractive index than the softer fat from younger 
pigs [26, 49, 75, 115, 119] (see Fig. 2 and Table 1). 

Although growth follows the same general course in all types of pig, 
there are considerable differences in the various breeds and strains. In 
the Middle White breed, the pig is ready for the pork market at the age 
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of 43 months when it has reached only 100 lb. live-weight. If it is 
allowed to reach bacon-weight (200 Ib. live-weight), it is decidedly over- 
fat and lacks length for its weight. On the other hand, a Large White pig 
gives an excellent bacon carcass at 200 Ib. live-weight, by which time it 
is about 6} months old [45]. If a Large White pig is killed for pork at 
100 lb. live-weight, the carcass is apt to be immature and ‘unfinished’, 


TABLE 1. Alteration of Fatty Tissue (Back fat) with Age 
(From Scott, 1930) 


Refractive 
Thickness of index of Percentage Percentage Percentage 
back fat _ extracted fat __ of fat of moisture of protein 
cm. 1°4606 91°33 6°37 1°76 
OT 1°4597 94°20 1°79 21 


the meat too lean and the flank too thin. The fat tends to be soft and the 
proportion of bone may be too high. Davidson [17], however, has shown 
that this is not necessarily so, as with appropriate feeding the Large 
White breed can give very good pork carcasses at 100 |b. live-weight. 
The age at which bacon-weight is reached is also influenced to some 
extent by sex. Gilts tend to grow rather more slowly than hogs [17, 115], 
and therefore, at bacon-weight (200 Ib. a tg hogs are aely 
more mature than gilts and have a thicker layer of back fat [gg]. 


The small type of pig which matures at a comparatively low weight 
appears to have a slower rate of growth than the longer type of pig which 
matures later in life and provides a heavier carcass (see Table 2). 


TABLE 2. Data showing the Average Time taken by Various 
Breeds to reach Certain Live-weights 


days days days days days 
118°8 108°5 108°4 104°3 
137°0 132°1 126°1 124°3 130°0 
155°2 146°0 148°2 
166°4 
180°0 184°5 
197'0 202°7 
211°0 220°9 
227°0 239°! 


The figures for Middle White, Berkshire, Large White, and Crossbred pigs are 
average figures from the records of the Smithfield Show carcass-competitions for the 
years 1914 to 1933, except for 1917 and 1918, when no shows were held. The results 
include data from 1,067 pigs. 

The results for bacon pigs are taken from Table 4 of the Second Report of the East 
Anglian Pig-recording Scheme [24] and are average figures calculated from a variety 
of sources. 


(From Whetham, 1934-5) 
Short type af Long type 
Live-weight Middle White| Berkshire Large White Bacon pigs Crossbred 
lb. 
75 
100 
125 
150 
175 
200 
225 
250 
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Even with the heavy-carcass class of pig, there is some evidence that 
faster rates of growth are associated with extra length of carcass. ‘Thus 
Scott [115], working in America with over 600 pigs from 8 different 
breeds, showed that the longer type of pig had a hither rate of growth 
and produced heavier carcasses than the shorter type of pig (see ‘Table 3). 


TABLE 3. Growth-rate and Length of Carcass 
(From Scott, 1930) 


Number Average Average Average 

Type of hogs length' live-weight daily gain 
Medium Plus . 135 137°8 cm. 225°2 |b. 1°22 -+-0°007 lb. 
Medium . 397 128°9 ,, 201'8 ,, 1'°09-+0°004 


' The carcasses were measured from the front rib to the aitch bone and from the 
aitch bone to the toe of the hind leg. These two measurements were added together 
for ‘length’. 


Hansson [52], working in Sweden, obtained similar results. Results 
from the lowa Agricultural Experimental Station [69] also showed that 
the ‘big’ type of pig made more rapid gains than the medium type. 
Callow and Davidson [11], working with a more homogeneous group of 
pigs (27 pigs from 11 sows by one boar in a pedigree Large White herd), 
also found that the long type of pig had a faster growth-rate than the 
short type (see Table 4). Hansson and Bengtsson [53] found that the 
long type of pig has less back fat and a more even distribution of fat than 
the short type of pig. The short type tends to be overfat, especially over 
the shoulders. Callow and Davidson also found that the short type 
tended to be somewhat overfat at bacon-weight, as shown by the extra 
amount of fat laid down in the muscles and by the extra ‘hichnens of 
flank (see Table 4). In addition, their results for the psoas muscle (fillet 


TABLE 4. Growth-rate and Length in Bacon Pigs 


(Callow and Davidson; unpublished results) 


Average Average Average 
growth-rate Average weight of — Percentage of Percentage of thickness of 
lb. per day length psoas muscle fat in psoas water in psoas flank 

0°56 75°2 cm. 182°6 gm, 3°2 I37 3°2 cm. 
0°62 763 ,, 201°0 ,, 2°5 74°9 2°4 


The results in each case are the average for 9 pigs. ‘The growth-rate was obtained 
by dividing the dead-weight of the carcass in pounds by the age of the pig in days. 
The length was measured from the aitch bone to the front rib. ‘The psoas muscle was 
obtained by removing the fillet, and trimming it free from visible fat. 


or undercut) suggest that the short type of Large White pig may havealess 
highly developed muscular system and would thus yield less lean meat 
than the long type, which grows more rapidly [11]. It appears possible, 
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however, to obtain a short type of pig, such as the Berkshire, which has 
a very well-developed muscular system (see Plate 8). 

The idea that a rapid rate of growth is associated with the longer type 
of body is not entirely supported by the work of Carroll and his co- 
workers [14]. These investigators showed that the short ‘chuffy’ type of 
Poland China pig undoubtedly had a slower rate of growth than the longer 
‘intermediate’ type. On the other hand, the longest ‘rangy’ type had a 
lower rate of growth than the ‘intermediate’ type. Hogan, Weaver, 
Edinger, and ‘Trowbridge [66] found no significant difference between 
the growth-rates of long and short pigs. They used 8 pigs of the Large 
Yorkshire breed and 8 of the ‘big’ type of Poland China pigs. ‘The Large 
Yorkshire pigs were consistently longer, and continued to grow in length 
for a longer period than the Poland China pigs, but the average growth- 
rates were practically identical. Evvard [33], using the self-feeding 
method for the fattening of pigs, actually ied the greatest rate of 
growth with the small type of pig and the slowest rate with the large type. 

Effect of diet —Work on growth-rates, however, is complicated by the 
fact that an alteration in the diet of the pig may have a profound effect 
on the rate of growth. For example, Clausen [1 i] records that pigs grew 
from 20 to go kg. in weight in 112 days when the diet contained a high 
proportion of skimmed milk, but took 124 days when half the milk was 
replaced by a mixture of blood, bone, and meat meals, and 132 days when 
all the skimmed milk was replaced by the mixture. Unfortunately, no 
measurements of carcass are given in Clausen’s paper. Various workers 
[37, 62, 63, 94] have shown that it is possible to keep the weight of a 
growing pig practically constant by giving it a subnormal diet. Under 
these conditions, growth is not entirely prevented. There is an appreci- 
able growth of bone and a slight pein 4 of muscle, but the fat-content 
of the body progressively diminishes. Henseler [63] found that a pig 
kept for some time on a subnormal diet weighed only 20°8 per cent. of 
the control pig on a normal diet, but its growth in length had not been 
affected to the same extent (see Table 5). The full effects of such sub- 
normal diets are not yet known in the case of the pig, but with beef 


TaBLe 5. The Effect of a Subnormal Diet on the Pig 
(From Henseler, 1914) 


Weight of pig Length 
Normal diet : ; 127 kg. 193 cm. 
Subnormal diet . 265 kg. (20°8 per cent.) 145 cm. per cent.) 


animals Moulton [97] has shown that extensive changes occur in the 
chemical composition of the muscles, blood, and liver. In addition he 
showed that muscle-fibres became smaller in diameter but still continued 
to function. Hoagland and Powick [64] have shown that the flesh of 
extremely emaciated cattle is characterized by a relatively high moisture- 
content and by low contents of fat and protein. The work of Mitchell 
and Hamilton [94] suggests that pigs on maintenance diets are affected 
in a somewhat similar way. When pigs on subnormal diets are again 


g 


42 
av 
ade 4 
4 


CARCASS QUALITY OF THE PIG 85 


allowed full rations, there is a rapid increase in weight [13], and the rate 
of growth may be greater than the normal. The gain in weight per pound 
of food consumed also tends to be greater than the normal. The use of 
subnormal diets (e.g. during a store period), however, is to be deprecated, 
as the slowing down of the growth of the pig during its early life adversely 
affects the formation of bone and, to an even greater extent, that of 
muscle [47]. 

The effect of diet on growth and carcass-conformation has for its 
logical starting-point the pre-natal life of the pig. Unless pregnant sows 
receive adequate diets, their offspring will not yield carcasses with ideal 
conformation. The importance of having large and vigorous pigs at 
birth has been emphasized by a study of the data from 1,430 pigs in the 
U.S.A. It was found that the heavier the young pig when born, the 
greater was the percentage which survived to weaning and the more 
rapid were the gains made up to 6 months [95]. The pregnant sow needs 
a diet relatively high in protein, and adequately supplied with mineral 
salts [34, 41, 117] and other accessory food factors. Animal proteins are 
probably better than vegetable ones [76, 81, 123] and milk proteins are 
the best of all [56, 57, 71, 81, 114, 120, 123]. If a large proportion of 
vegetable protein is used, extra calcium is needed and extra salt should be 
included in the diet in order that the protein may be utilized in the most 
efficient manner [47, 92]. Indoor management is to be deprecated [65, 
88, 122] as it increases the difficulty of supplying accessory food factors 
and mineral salts. Even when the sow has access to grazing, there may 
still be deficiencies in the diet if the land itself is deficient. Occasionally, 
cases of iodine deficiency have been recorded [121], and calcium de- 
ficiencies are fairly common. Orr and Davidson [103] have shown that a 
long continued deficiency of calcium in the diet leads to a progressive 
increase in the number of dead pigs in a litter, each generation becoming 
worse in this respect. In four generations the mortality increased from 
4°8 to 50 per cent. per litter. ‘The pregnant sow not only needs calcium 
salts but also additional supplies of iron and copper salts because, during 
development, the embryo should store up enough iron and copper 
(mainly in the liver) to last the young pig throughout the entire suckling 
period. ‘The best source of iron and copper is grass or green foodstuffs. 
Various workers recommend the direct addition of salts of iron and 
copper to the diet of the pregnant sow, but Husby [68] found that this 
increased the number of pigs which were born dead or died during 
suckling. 

The lactating sow, like the pregnant sow, would appear to need a diet 
that is relatively high in protein and contains adequate supplies of mineral 
salts and accessory food factors. There may be 10 or more pigs in a 
litter, and they grow very rapidly. A pig doubles its weight in about 
14 days from birth, whereas a calf takes 47 days and a child 180 days. 
As might be expected, the milk of the sow is richer than cow’s milk in 
protein and in mineral salts (see Table 6). The milk of sows, like other 
milk, is deficient in iron. For instance, Husby [68] found only 0-004 gm. 
of Fe,O, per 100 c.c. in sow’s milk (see also Hart, Elvehjem, Steenbock, 
‘Kemmerer, Bohstedt, and Fargo [58]). For this reason sucking pigs tend 
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to develop anaemia unless their reserves of iron are ample [74]. They 
can be fed with iron-containing materials [47, 54, 58, 74, 82, 83], but 
this is somewhat difficult. 


TABLE 6. Analyses of Milk 


Time taken to 


after birth Protein Water Ash Fat | Sugar Source of figures 


days | | 

180 0°25 | 

60 oOo Abderhalden and 
47 | o K6nig, quoted 
22 | by Godden and 
15 Husband [41] 

14 | 


_T1_| 48 Henry & Woll 61] 
_56 Carlyle! 
470 Folin, Denis, and 
Minot [36] 


2:0 .. Préscher [108] 


1 Quoted by Evvard, Wallace, and Glatfelter [35] 


It has been claimed that the composition of the sow’s milk can be 
influenced to a certain extent by alterations in the diet. Thus Thompson 


[124], by — the contents of protein and minerals in the sow’s diet, 


obtained milk with as little ash as 0-51—0-86 per cent. It must, however, 
be emphasized that samples of sow’s milk are extremely difficult to 
obtain [61] and it is doubtful whether the comparatively few samples 
analysed in the past have been truly representative. Cow’s milk, on the 
other hand, has been the subject of innumerable investigations, and yet 
no evidence has been obtained that the mineral-content can be altered by 
changes in the cow’s diet. Deficiencies in the cow’s diet, however, lead 
to a decreased yield of milk [5]. ‘This is also true of the sow, as shown by 
Orr and Davidson [103], who found that a deficiency of lime led to a 
reduction in the milk supply of the lactating sow. This is a serious 
matter because the rate of growth during suckling appears to affect the 
subsequent a of the pig. ‘Thus Thompson [125] showed that 
pigs which made the most rapid gains during suckling continued to gain 
most rapidly during the following 60 days. G. N. Murray [99] showed 
that there was a significant correlation between the weight of pigs at 4 
and at 8 weeks, and Wenck [127] showed that pigs which were heaviest 
at 4 weeks old were also heaviest when slaughtered. 

The most critical period in the growth of the young pig is during 
weaning. Unless this process is carried out gradually and the young pig 
taught to eat solid food whilst still sucking, growth is always retarded. 
Hammond [47] considers that retarded growth at this period has an 
adverse effect on the quantity of muscular tissue laid down by the pig. In 
particular, he considers that incomplete development of the /ongissimus 
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dorsi muscle (the ‘eye’ of meat in the loin) is due to a set-back at 
weaning (see Plate 9). This is supported by the work of Emmett and 
Grindley [32], who found that the size of the ‘eye’ was not affected by the 
diet after weaning. The ‘eye’ from the carcasses of pigs on a low- 
protein diet was just as ~~ as that from pigs on a high-protein ration. 
It is during weaning that the value of cow’s milk and of milk residues is 
most obvious. Young pigs which obtain a good supply of whole or 
skimmed milk are less like y to suffer from a set-back at weaning. Cow’s 
milk alone, however, is not capable of supporting growth for prolonged 
periods. Kemmerer, Elvehjem, Hart, and Fargo [73] have shown that 
this difficulty can be overcome by adding appropriate quantities of iron, 
copper, and manganese salts to the milk, together with a supplement of 
cod-liver oil. Since cow’s milk is a potential carrier of bovine tubercu- 
losis to pigs, it should be boiled before use. Unfortunately, boiled milk 
appears to be less valuable as a foodstuff than unboiled milk [35, 85, 86]. 
In New Zealand, where bovine tuberculosis is much less common than 
in this country, the a of milk is probably not necessary. It may be 
pointed out that cow’s milk is not the only source of tuberculosis amongst 
pigs. Fowls infect pigs with avian tuberculosis, and this may account for 
as many as 30 per cent. of the tubercular lesions observed in pig carcasses 
in Great Britain [16]. Even with cases of bovine tuberculosis, infection 
is not necessarily transmitted by milk. Thus in East Anglia, where milk 
residues are not generally available for feeding to pigs, there are just as 
many carcasses (about 10 ag cent.) showing tubercular lesions as there 
are in a dairying district like Wiltshire (see Fig. 3). 

As soon as it has been weaned, the pig may be fed on a good mixed 
diet. In order to obtain the maximum increase in weight, the protein- 
content of the diet should be high at first and can be gradually reduced 
as the pig grows older. The young pig should have access to grazing or 
have a sufficient supply of green foodstuff. Dunlop [25] has shown that 
many diets are dangerously deficient in vitamin A, and that the feeding 
of green foodstuffs is therefore most important. Hostetler and Foster 
[67] have shown the great value of permanent pasture for pigs, and 
Davidson [19] has found that young pigs which are allowed to graze for 
a few weeks after weaning have an improved constitution and increase 
in weight more rapidly when fattened indoors afterwards. Mills [91] 
considered that exercise was almost as important as the feeding of green 
foodstuffs and that grazing was consequently more beneficial than the 
feeding of green foodstuffs to pigs kept in sties. Anaemia is more liable 
to appear in young pigs kept indoors than in those kept outside [23, 43]. 
A milk supplement has repeatedly been shown to give valuable results 
[3 ;; 56, 57,71, 81, 114, 120, 123]. Other animal proteins (meat-meals and 
fish-meals) give very good results, but vegetable proteins are, on the 
whole, not quite so satisfactory, even when supplemented with extra 
salt and lime. A deficiency in the quantity of protein in the diet or the 
excessive use of an incomplete protein like that of maize retards growth. 
Deficiencies of accessory food factors or mineral salts also have an adverse 
effect on growth. Curiously enough, the more rapidly a pig grows, the 
more likely it is to suffer from a deficiency disease (see Dunlop). Thus 
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Fic. 3. Centres from which a factory in the Midlands has received pigs with 
tubercular lesions. 


By courtesy of Mr. D. ¥. Anthony, M.R.C.V.S., D.V.S.M. 


Zilva, Golding, Drummond, and Korenchevsky [130] found it necessary 
to increase the rate of growth of pigs in order to produce rickets. With 
pigs that were growing more slowly, rickets could not be produced even 
on diets deficient in the antirachitic vitamin. The deficiency merely 
resulted in a decreased rate of growth, as compared with control animals 
on a diet containing an ample supply of the vitamin [42]. Thus an 
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incomplete diet may be reflected in a slowing down of the rate of growth 
before more obvious signs of ill health appear. 

Davidson [18] has shown that a diet deficient in protein may affect 
pigs in two ways. If the pig is restless, very thin carcasses are produced, 
whereas if the pig has a placid temperament, an overfat carcass is pro- 
duced. The tendency for a low-protein diet to produce over-fatness in 
pigs was also observed by Shaw [116]. Swanson [1 23] found that diets 
deficient in protein or in mineral salts restrict the pig’s growth and thus 
alter the conformation of the resultant carcass. In this connexion it is 
significant that pigs grown in the maize-belt of the U.S.A. formerly 
tended to be short and ‘chuffy’. Even when the long type of pig was 
introduced into this area, it reverted to the short ‘chuffy’ type in a few 
generations. The reason for this state of affairs was that the diet used 
for fattening consisted almost exclusively of maize. Maize is deficient in 
calcium, and its protein, zein, is incomplete as it is deficient in the amino- 
acid tryptophane. Curiously enough, meat-meal (tankage) is also de- 
ficient in tryptophane (see Table 7) and for this reason is not by itself a 
complete supplement for maize [107]. A tryptophane deficiency can be 


TABLE 7. Amino-acid Content of Some Foodstuffs 
(From Morris, 1934) 


Trypto- 
Foodstuff phane' Arginine Histidine Lysine Cystine 
Dried skim milk : : 4°54 8-96 6°36 8°34 2°04 
Blood-meal 6°51 12°51 5°40 11°04 2°65 
Meat-meal | 17°50 3°44 8-80 1°40 
Beans (home). 2°29 9°00 4°20 745 1°00 
Beans (import) . : ; 2°33 9°35 4°25 7°44 1°06 
Peas 2°56 10°86 3°28 7°04 1°55 
Decorticated earth-nut cake . 5°20 15°85 9°26 4°46 1°00 
Wheat bran 4°30 4°50 4°40 1°61 
Linseed cake. 2°87 15°18 5°69 
Linseed 2°80 15°76 5°75 3°34 1°00 
Flaked maize. 1°78 8°29 2°36 215 1°48 
Beet-pulp . 3°10 0°56 0°49 0°23 0°32 


' Tryptophane was estimated approximately as insoluble humin. The figures 
for amino-acids are expressed as grams of amino-nitrogen per 100 grams of total 
nitrogen, 


overcome by feeding alfalfa, and in the maize-belt nowadays a longer and 
leaner type of pig is being produced by using a diet of maize, meat-meal, 
and alfalfa. Hogan [65] has pointed out that, under rigidly controlled 
experimental conditions, most of the diets in ordinary use turn out to be 
highly unsatisfactory. He searched for possible deficiencies but could 
not solve the problem. The unsatisfactory condition of the pigs could 
not be traced to an unsuitable Ca to P ratio, nor to deficiencies of vita- 
min C or sunlight, nor to lack of exercise. More recently, however, 
Dunlop [25] has shown that normal diets are dangerously short of vita- 
min A, and that consequently the feeding of a supplement containing 
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this vitamin or its precursor, carotene, is of great importance. Other 
vitamin deficiencies appear to be rare in pigs and only occur with ab- 
normal diets. ‘Thus Plimmer [105] recorded a case of scurvy in pigs fed 
on an exclusive ration of cooked food. With the increase of intensive 
pig-production, however, it is possible that diseases due to deficiencies in 
diet may become more acute and that sources of deficiency, hitherto un- 
suspected, may be revealed in the future. 

Just as an incomplete diet has a retarding effect on growth, a high- 
grade diet has a stimulating effect. It is impossible to estimate the maxi- 
mum capacity for growth of pigs of any breed or strain unless an optimum 
diet is used. Thus, Clausen [15] states that every pig has an individual 
capacity for flesh-formation which cannot be gauged unless the rations 
contain sufficient proteins and other foodstuffs to permit the optimum 
growth. In this connexion the outstanding merit of carcasses of frozen 
pork from New Zealand deserves mention. The proportion of flesh on 
these carcasses is usually greater than that of our English porkers and 
baconers (see Plate 8). There is little doubt that this result, obtained 
even with such a short fat breed as the Berkshire, shows the advantages 
obtained from an ample supply of milk and milk-residues, together with 
open-air management and grazing. It is also possible that the excellent 
quality of the carcasses from New Zealand is in part due to the wide- 
spread use of unboiled milk and milk residues for feeding [35, 85, 86]. It 
is significant that defects in the longissimus dorsi muscles (‘eye’ of loin) 
are seldom or never seen in these carcasses. 

Composition of deposited fat—The effect of alterations in the diet on 
the chemical composition of the tissues is most marked in the case of fat. 
The chemical nature of the fats and oils in the diet may have a consider- 
able effect on the composition of the fat deposited in the tissues. If the 
diet is practically free from fat, the pig synthesizes fat from carbohydrate 
and indirectly from proteins. Fat produced in this way is relatively 
saturated and has an iodine number of 50 to 60 [30]. This type of fat is 
solid at ordinary temperatures and thus gives firm carcasses. When fats 
and oils are present in the diet, the fat laid down in the tissues tends to 
resemble the ingested fat. If therg is only a small amount of fat in the 
diet, most of the fat deposited in the animal will come from carbo- 
hydrates, and the influence of the ingested fat will be slight. As the 
amount of fat and oil in the diet increases, however, less and less fat is 
synthesized from carbohydrate and more of the deposited fat is formed 
from the fat in the food. The effect of the ingested fat on the chemical 
composition of the deposited fat is more marked in immature pigs [49]. 
In the young pig the rate of fat-deposition is slower than it is in older 
pigs. When immature, the pig can thus obtain a greater proportion of the 
fat that it requires for deposition from the fat and oil in its diet, but as the 
rate of fat-deposition increases, more and more fat has to be synthesized 
from carbohydrate. Since most of the fats in the pig’s diet are highly 
unsaturated (see Table 8), the deposited fat of young pigs tends to be 
more unsaturated, and hence softer, than that of older pigs [26, 49, 75] 
(see Fig. 2). 

The rate of growth also has an effect on the nature of the fat deposited 
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TaBLeE 8. The Fat-content of Various Foodstuffs and the Iodine 
Number of the Extracted Fat 


| Fat-content Iodine number 
Per cent. 
Barley meal . ‘ 124°6 } 
” ” ° | I 16°7 
Oats (crushed) 100°5 
Wheat middlings 128°4 
Bran. : 127°6 
Extracted soya-bean meal. | 134'8 
Sago-pith meal 75°3 | 


Wheat middlings : 115°4 Lewkowitsch and 
5 _ Warburton [80] 


Acorns . : 100°7 
Rice polish. 100°0 
Chufas (dry) . 

Whole peanuts , 

Shelled peanuts . Hankins and Ellis [49] 
Soya-bean-oil meal . 

Cotton-seed meal 
Peanut meal . 
Tankage 
Fish-meal (menhaden) 
Soya-bean meal 


Linseed oil . Henriques and 
Coconut oil. ° Hansen [59] 


Whale oil | to 136°0 Lewkowitsch and 
Cod-liver oil . | 153°7 to 167°3 Warburton [80] 
Menhaden oil 


| 139°2 to 192°9 


by the pig. A pig which grows slowly usually has a lower rate of fat- 
deposition and therefore does not need to synthesize fat from carbo- 
hydrate to the same extent as a rapidly growing pig with a higher rate 
of fat-deposition. The fat produced by the slowly growing pig is there- 
fore more likely to resemble the ingested fat and to be relatively un- 
saturated and soft. This was recognized by Day [21] who stated that in 
his experience ‘unthrifty hogs are more likely to produce soft bacon than 
growthy, well-fed hogs’. Evidence of this has also been obtained by 
Callow and Kitchin [12] who found that, on the average, the subcu- 
taneous fat from slowly growing pigs was more unsaturated than the fat 
from rapidly growing ones (see Table 13). Ellis and Zeller [31] have also 
shown that slow growth tends to produce leaner pigs with a more un- 
saturated fat, than does more rapid growth. It is significant that the fat 
of wild boars (iodine number = 81-5 to 84-7, Lewkowitsch and War- 
burton [80]) and of pigs in a semi-wild condition where growth is 
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restricted (iodine number = 79-0 to 95-2) is more highly unsaturated 
than normal fat [111, a 

At all stages in the development of the pig, alterations in the quality or 
quantity of the fat in the diet lead to variations in the chemical com- 
position of the deposited fat. As already mentioned, nearly all the food- 
stuffs commonly fed to the pig contain highly unsaturated oils with 
relatively high iodine numbers (see Table 8). On normal diets, therefore, 
the deposited fat of the pig tends to be more unsaturated than it is on a 
fat-free diet. Conversely, it is possible to reduce the iodine number of 
the pig’s fat by feeding foodstuffs that contain relatively saturated fats. 
This was clearly shown by Henriques and Hansen [so] in their classical 
researches on the effect of ingested fat on the body fat of the pig. These 
workers fed pigs on a diet containing a high concentration of coconut oil 
(iodine number 8-1) and removed samples of subcutaneous fat from the 
living animal for analysis. The results showed that the iodine number 
of the pig’s fat was decreased by feeding the highly saturated coconut oil 
(see Table 9). Gibbs and Agcaoili [40] in the Philippine Islands obtained 


TaB_e g. The Effect of Feeding Coconut Oil and Linseed Oil 


(From Henriques and Hansen, 1899) 


Food in gm. per day . 


Iodine number 

Pig Period Oil Barley of back fat 
I Oct. 1-15. 125 725 | 70°3 
Oct. 16-Nov. 15 . 200 c 1,225 57°5 
Nov. 16-Dec.9 250 | ¥,725 
Dec. 10-Feb.2 300 | 2,000 92°8 
Feb. 3-Mar.17 400 | 2,225 100°3 


Oct. 1-15. 125 | 1,000 70°9 


Oct. 16-Nov. 15 . 200 | 1,500 109°2 
Nov. 16-Dec.9 2,000 88-3 
Dec. 10-Feb.2 300 c 2,225 83°8 
Feb. 3-Mar. 17. 400 2,500 69°7 


c = coconut oil with an iodine number of 8:1. 
1 = linseed oil with an iodine number of 177°2. 


pig-fat with the very low iodine number of 30 from a pig which had been 
fed mainly on coconuts. The effect of feeding a diet containing large 
quantities of a highly unsaturated oil (linseed oil with an iodine number 
of 177-2) was also investigated by Henriques and Hansen [59], who 
showed that the resultant body fat of the pig became highly unsaturated 
(see Table g). ‘These workers also showed that the caul fat of the pig was 
the most saturated fat in the body, the kidney fat was less saturated, and 
the outer layer of subcutaneous fat was the most unsaturated of any 
deposited fat (see Table 10). There is thus a gradient in the degree of 
unsaturation of the fat from the inside to the outside. Henriques and 
Hansen [60] considered that this was due to the gradient of temperature 
in the body, and that the higher the temperature at which fat is laid 
down, the more saturated it is. In further support of this theory they 
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TABLE 10. Gradient in the Degree of Saturation of the Fat of the Pig 


(From Henriques and Hansen, 1901) 


Location of fat Setting-point 


Outer layer of outer back fat . | i 

Inner layer of outer back fat . : , 26°4° C. 
Outer layer of inner back fat . : . 28:0" C. 
Inner layer of inner back fat . : , ara CC. 
Kidney fat . : : : : . | 29°6° C. 


Outer layer of outer back fat . 
Inner layer of outer back fat . ©. 
Outer layer of inner back fat . 
Inner layer of inner back fat . 
Kidney fat . : 

Caul fat 


showed that the degree of saturation of the fat could be varied by altering 
the temperature of the pig’s living quarters (see Table 11). A pig kept 
for 2 months at 0° C. had a more unsaturated fat than one kept at 30° 
to 35° C., or one kept at 0° C. but covered with a sheep-skin. Similarly 
Frus [39] found that the feeding of maize produced softer (and hence 
more unsaturated) fat in cold weather than in hot weather. It seems 


TABLE 11. Effect of External Temperatures on the Fat of the Pig 


(From Henriques and Hansen, 1go1) 

Outer Inner 

layer of layer of layer of | 

Temperature of living outer outer inner | 

quarters back fat back fat back fat back fat fat Caul fat 


Iodine | Iodine | Iodine Iodine Iodine 

number number number number number 
‘ 66-2 62°5 61°5 54°7 
oe. , 64°2 56°6 
o° C. but pig wrapped in 
sheep-skin . 
The same before 
experiment . 


possible, however, that this effect of low temperatures may be due, at 
least in part, to the slowing down of growth, which would be expected in 
these circumstances. 

Henriques and Hansen [60] showed that the feeding of maize to pigs 
oneal a more unsaturated fat than the feeding of barley (see Table 10). 
Other workers have shown that the actual chemical structure of the pig’s 
fat is affected by the fat in the diet (e.g. Ellis and Isbell [27]). Thus 
Martin [87] found a small proportion of the glyceride of clupanodonic 
acid in the fat of pigs which had received fish-meal in their diet. By 
feeding menhaden oil, Brown [7] obtained direct evidence that the fat 
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from the diet could afterwards be detected in the fat of the pig. Bhatta- 
charya and Hilditch [6] have shown that the feeding of arachis oil 
definitely leads to an increase of linoleic acid in the deposited fat. 

During starvation, or growth on maintenance diets, the body fat of the 

rowing pig is utilized and therefore gradually diminishes in quantity. 
it is probable that the more unsaturated fats are utilized first. ‘There is 
direct evidence that this occurs with rabbits [22], and Anderson and 
Mendel [1] have obtained indirect evidence with rats. Like other workers, 
Anderson and Mendel found that diets containing highly unsaturated 
oils lead to the deposition of highly unsaturated body fats. They also 
showed that the unsaturated body fat of the rat could be made more 
saturated by feeding a diet containing a more saturated fat, and that this 
change was accelerated by a previous period of starvation. In the case 
of the pig, it should be pointed out that, although the unsaturated soft 
fat deposited by feeding a diet containing too high a proportion of highly 
unsaturated oils can be altered considerably by substituting a relatively 
fat-free diet, or one containing more saturated (harder) fats, it is ex- 
ceedingly difficult to remove all traces of the unsaturated fats deposited 
from the original diet [27, 49, 70, 71]. 

The effect of various diets on the quality of the deposited fat has been 
investigated on a large scale in the U.S.A. within recent years [26, 27, 28, 
29, 39, 49, 50]. These researches have established a relationship between 
the degree of hardness of the deposited fat of the pig and the iodine 
number and refractive index of the fat (see Table 12). Ellis and his co- 
workers showed that on normal diets the fat of the pig becomes pro- 
gressively harder with age [26, 49] (see Fig. 2). However, with diets 
containing a large quantity of an unsaturated fat like peanut-oil (iodine 


TABLE 12. Average Iodine Number, Refractive Index, and 
Melting-point of Pig Fats 
(From Hankins and Ellis, 1926) 


Type of fat Iodine number | Refractive index | Melting-point 
Hard . 63°0 1°4593 | 36-0" C. 
Medium hard. 68-0 1°4599 | 36°5° C. 
Medium soft . ; 71'0 1°4603 | C. 
Soft ; P 77°5 1°4611 gre C. 
Oily. 88-0 1°4623 | 24°0° C. 


number 93:7), the deposited fat may actually become more unsaturated 
and softer as the pig develops. The subsequent feeding of a normal diet 
leads to a progressive hardening of the fat as the pig becomes older, but 
the fat never becomes as hard as that from pigs which have received a 
normal diet throughout the whole experimental period [27, 49]. The 
effect of diet on the resultant fat has been investigated in many countries 
and the same general results have been obtained [12, 21, 39, 40, 59, 
60, 70, 98, 100, 104, 106, 118, 119]. Jackson [70] has pointed out that 
when highly unsaturated fats are present in the diet it is advisable to keep 
the total quantity of fat in the diet lower than usual. 

Muscular tissue and bone.—Although diet has a marked effect on the 
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nature of the deposited fat in the pig, it has relatively little influence on 
the chemical composition of bone and muscle. An insufficient supply of 
calcium and phosphorus, however, is reflected in an impaired growth of 
bone, and consequently cereals alone will not produce a normal growth 
of bone [38]. Even when the supply of calctum and phosphorus was 
constant, Maynard and Miller [go] found that the degree of calcification 
varied with different protein supplements. Better calcification was ob- 
tained with a ration containing fish-meal or blood-meal and casein than 
with one containing linseed-oil meal. Sunlight helps to form vitamin D 
in the body and is therefore most important in bone-formation [89]. It 
can, however, be replaced by cod-liver oil and other foods that are rich 
in vitamin D. An adequate growth of bone is highly important as it 
‘ncreases the size of individual bones, and there is some evidence that the 
degree of development of an individual bone affects the size of the 
attached muscles, a more highly developed bone having larger muscles 
attached to it [48]. 

Curiously enough, although muscular tissue is the most valuable part 
of the carcass, there is very little evidence about the effect of diet on its 
composition. With increasing age, muscles contain less water and more 
fat. It has been suggested that water and fat are complementary 2] and 
that a change such as starvation which leads to depletion of fat also leads 


to an increase in the water-content of the muscles [94]. The converse is 
certainly approximately true, as an increase of fat in the muscle is ac- 
companied by a decrease in the water (see Table 4). The concentration 


of inorganic matter (ash) in the muscular tissues of the pig can be 
altered to some extent by altering the diet [37]. ‘The chemical nature of 
the muscular proteins, however, does not appear to be affected by diet. 
Thus, when the supply of protein in the pig’s diet was deficient either 
quantitatively or qualitatively, Joseph [72] found no alteration in the - 
composition of the proteins of the muscles. It is generally apie that 
the amount of connective tissue in most animals is increased by exercise, 
but pigs seldom get violent exercise and this factor is probably unim- 
portant. Cuts of pork from different parts of the same carcass show only 
slight variations in the amount of connective tissue and consequent 
toughness [93]. In the case of bacon, however, shoulder cuts tend to be 
tougher and coarser than the rest of the carcass. 

Quality of carcass —The quality of a pig’s carcass can only be con- 
sidered in relation to the particular purpose for which it is intended. 
Thus the type of carcass which is most suitable for the manufacture of 
bacon is quite different from that required for small pork. With both 
pork and bacon, however, the consumer shows a preference for cuts with 
a large proportion of lean meat which is almost completely separated 
from the fat [46]. These cuts command the highest prices and come 
from the loin and hind quarters of the carcass. As Plate 10 shows, the 
prices for joints and cuts increase along a fairly well-defined gradient 
from head to tail, and it is significant that the most valuable parts of the 
carcass are those which develop late in life [46]. The ideal carcass for 
both pork and bacon is therefore one with a long body, well-developed 
hams, well-sprung ribs, and a small head and shoulders [46]. 
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Although the relative conformation of carcasses should be approxi- 
mately the same for both pork and bacon [46], the weight should vary 
according to the purpose for which the carcass is required. Thus, for 
small joints of pork, the carcass should weigh only 60 to 80 lb. dead- 
weight. This class of carcass is in great demand in London and in the 
south of England, and is becoming increasingly popular all over the 
country [110]. There is also a market for carcasses of 80 to 100 lb. dead- 
weight for medium-sized joints of pork. In the Midlands and in the 
north of England, where larger joints are still in demand, carcasses are 
required which weigh from roo to 140 lb. dead-weight. With these 
heavier carcasses it is customary, in some parts of the country, to remove 
a large proportion of the back fat before cutting up into retail joints. Still 
heavier carcasses are required for bacon. For Wiltshire curing, the car- 
casses should weigh between 140 and 170 lb. dead-weight. In Great 
Britain, increasing numbers of pigs of this class are needed because an 
attempt is being made to increase our supplies of home-produced Wilt- 
shire sides of bacon. The Midland curer has more flexible methods than 
the Wiltshire curer and consequently can handle carcasses between 130 
and 210 lb. dead-weight. In the Wiltshire cure, whole sides are converted 
into bacon, but in the Midland cure the sides are cut up before curing. 
All superfluous back fat is trimmed off, and the hams are removed and 
cured separately, usually as York hams. The rest of the sides are either 
cured as Midland ‘specials’, or the loin is cut off for use as pork and the 
remainder cured as a ‘shoulder belly’. In summer months pickled pork 
may be made from the lighter carcasses instead of bacon and hams. 

In order to obtain these widely different carcass weights, and yet to 
keep as near as possible to the ideal conformation, different breeds and 
strains may be used. Early maturing breeds, such as the Middle White 
or Berkshire, are more suitable for small pork, whilst late-maturing 
breeds like the Large White are more suitable for bacon. The early- 
maturing pig which is most suitable for small pork is definitely un- 
suitable for bacon. On the other hand, Davidson [17] has shown that it 
is possible to use a late-maturing breed (the Large White) for the pro- 
duction of small pork carcasses.” 

For whatever purpose it is intended, the carcass should not only 
possess the correct conformation but should be well ‘finished’, i.e. the 
fat should be hard, and sufficient fat should have been laid down in the 
muscles, especially those of the abdominal walls (the flank), to give a 
firm carcass when cool. Unless this is the case, the lean meat will tend 
to dry out after cooking. There should be a relatively high proportion of 
lean meat, and it should be tender, have a full flavour, and be not unduly 
pale in colour. There is also a demand for fine, thin, white skins, as these 
possess a ‘bloom’ which attracts the buyer. Breeds which are pigmented 
and which are therefore liable to have pigmented mammary glands, 
‘seedy-cut’ [84], are in great disfavour with butchers and curers, as the 
unsightly appearance necessitates the cutting away of the mammary 
tissues. 

The most common defects in quality met with in pork and bacon are 
over-fatness, soft fat, insufficient development of muscular tissues (see 
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Plate g), and bad ‘finish’. Occasionally, bacon is too pale in colour. 
Over-fatness is a very common fault in bacon pigs, and pig producers in 
this country are now penalized for sending over-fat carcasses to the bacon 
factory. Over-fatness is caused by allowing the animal to grow beyond 
the desired point. Bad ‘finish’ is usually due to the exactly opposite fault 
of killing the animal before it has reached its optimum degree of fatness. 
Insufficient development of the muscular tissue appears to be due to 
incorrect feeding during weaning [47], and possibly to a deficiency of 
high-grade protein in the diet either during weaning or afterwards. An 
unduly pale flesh may be due to anaemia or to lack of exercise. The more 
a muscle is used the greater is its content of haemoglobin [101] and hence 
the deeper is its colour. Curiously enough, there is as yet no evidence 
that exercise can increase the quantity of muscular tissue [46]. The 
composition of the muscular tissue appears to depend upon the rate of 
growth [1 1}. Hansson [52] found that pigs which grow most quickly 
produce a better quality of carcass than slowly-growing pigs. In the 
results obtained for the East Anglian Pig-Recording Scheme [20], how- 
ever, the highest quality pigs had an average growth-rate below that of 
pigs in lower grades, but this was due, at least in part, to the fact that the 
more rapidly growing pigs were grown to heavier weights and therefore 
had thicker back fat than the slowly growing pigs. This affected the 
grading because a thin back fat is preferred to a thick one. Similarly, 
gilts, which grow more slowly than hogs [gg], tend to give better bacon 
carcasses because the back fat is thinner [20]. Another point in favour of 
gilts is that extra growth of the mammary tissues increases the thickness 
of the flank. 

Quality of fat.—Soft fat is due to immaturity [27, 49] or to incorrect 
feeding [49, 50, 55, 70]. Soft fat is unpopular because it tends to give 
unsightly carcasses and causes extra losses during cooking. Moreover, 
soft fat is more liable to develop rancidity because it is more unsaturated 
than hard fat, and is therefore more reactive chemically. Unsaturated 
fats tend to take up oxygen from the atmosphere and form peroxides, 
which in their turn undergo further chemical changes. Finally aldehydes 
and ketones are produced, and these are stent for the acrid flavour 
that is associated with rancidity. In cases of extreme rancidity, a yellow 
colour may appear in the fat (31. Unfortunately, the changes leading to 
rancidity are catalysed by light [77] and by the salts used in curing [79]. 
It is therefore not surprising that bacon fat is more liable to develop 
rancidity than pork fat [9]. Since the oxidation of fat is autocatalytic in 
character [77], the onset of rancidity may be quite sudden. The time 
factor is thus of great importance. Bacon which undergoes a long period 
of manufacture, such as Midland-cured bacon (3 to 5 weeks), is more 
liable to become rancid than Wiltshire bacon which 1s produced more 
rapidly (2 to 4 weeks). The still greater length of time taken to manu- 
facture York hams (3 to 6 months) renders them particularly susceptible 
to rancidity. The fat of carcasses intended for the manufacture of York 
hams must therefore be of excellent quality, because soft fat, which 
might be undetected in pork or Wiltshire bacon, will lead to noticeable 
rancidity before the slowly maturing York ham is ready for the market. 

3988-9 H 


4 
Ay 
fi 
| 
dorm 


98 E. H. CALLOW 


Rancidity, however, is not merely a question of the softness of the fat 
or its degree of unsaturation, as measured by its iodine number. Although 
fats with high iodine numbers nearly always develop rancidity more 
rapidly than fats with lower iodine numbers, there are certain cases in 
which the reverse is true. These curious cases occur when small quantities 
of highly unsaturated oils, such as cod-liver oil, are present in the diet. 
Small daily doses of cod-liver oil have little or no effect on the iodine 
number of the deposited fat of the pig, but the cod-liver oil increases the 
chemical reactivity of the deposited fat and makes it more liable to 
develop rancidity. Thus, in an experiment carried out by Callow and 
Kitchin [x2], the deposited fat of the pigs which had received a small 
daily dose of cod-liver oil in their diet had a lower average iodine number 
than that from pigs on a low-protein diet, and yet bacon made from the 
cod-liver oil group had fat which developed rancidity more rapidly (see 
Tables 13 and 14). 


TABLE 13. Growth-rate and Iodine Number of Fat 
(From Callow and Kitchin, 1931) 


| Average iodine number of 


Average 
Diet | 1b./days | Inner fat | Outer fat 
Basal ration . -| | 585 | 
re Basal ration plus malt extract and cod-liver | .* 
Basal ration plus malt extract . | 1°63 59°4 
Limited feeding with basal ration - | 1°44 | 61°9 64'8 
Low protein ration . 1°24 | 62°1 | 64°6 


TABLE 14. Development of Rancidity during the Cold Storage of 
Bacon made from Pigs in Table 13 


(From Lea, 1931 [78]) 


| Measurement of active oxygen of 
back fat of bacon stored at 
Diet —10° C. (14° F.) for 85 days 
Low protein ration . ‘ 1°7 ml. 
Basal ration plus malt extract and cod-liver oil | 12°75 ml. 


The active oxygen was measured at a distance of one inch from the exposed surface 
of the back fat and is expressed as ml. of N/s500 thiosulphate. Results below 4 ml. 


indicate that the fat is free from rancidity. A figure of 10 ml. or more indicates a 
highly rancid fat. 


Undoubtedly cod-liver oil is a good source of vitamins A and D, but 
its value as a a to the diet of the pig is complicated by the fact 
that it is a highly reactive oil which may have a deleterious effect on the 
deposited fat [104]. Since halibut-liver oil contains far more vitamin A 
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and D than cod-liver oil, a much smaller dose is required, and the effect 
of the actual oil on the deposited fat should be almost negligible. From 
this point of view the ideal source of vitamin D would be irradiated 
ergosterol. The addition of cod-liver oil to the diet undoubtedly pro- 
duces pigs with a good appearance which yield carcasses with reasonably 
hard fat. It is impossible for the bacon curer to detect any abnormality 
in the fat of such carcasses while they are being cured, and yet rancidity 
may suddenly develop later. By this time the carcasses will have been 
manufactured into bacon and hams, and these may even be in the re- 
tailers’ hands. A case in point occurred in Great Britain in 1933. Ninety- 
seven pigs, which had received a daily dose of cod-liver oil, were sent to 
a Midland curer. The carcasses looked exceptionally good, but the 
resultant bacon and hams rapidly developed rancidity. In every case the 
fat became yellow, and the bacon and hams were completely unsaleable. 
The outer layer of back fat from one of these carcasses was found to be 
not unduly soft and had an iodine number of 68-6, which is not abnor- 
mally high. Here, as in the experiment of Callow and Kitchin (see 
Table 13), the cod-liver oil supplement had not seriously affected the 
iodine number but had greatly increased the reactivity of the fat. 

The rapid onset of rancidity which frequently follows the use of cod- 
liver oil in the diet is probably due to the presence of certain highl 
reactive linkages that are found in liver oils. A small quantity of oil, 
containing these linkages, in the diet would not have much effect on the 
average iodine number of the deposited fat, but it would probably have 
an accelerating effect on the subsequent rate of development of rancidity. 
A highly unsaturated oil is also found in fish-meal (see Table 8) and, in 
the past, rancidity of bacon fat has often been traced to the presence of 
fish-meal in the diet [70, 102, 109]. These cases were mainly due to the 
use of fish-meal containing too high a proportion of oil, or to the use 
of excessive quantities of fish-meal in the diet. It appears that pigs can 
be reared satisfactorily by using white fish-meals containing less than 
5 per cent. of oil and discontinuing its use for a month before slaughter 
[129]. Even this amount of fish oil, however, might have a deleterious 
effect if the carcasses had to be kept for prolonged periods as in the 
Midland cure or in the manufacture of York hams. 

A high quality of fat is obviously necessary for carcasses of pork which 
are intended for freezing and storage. This is particularly the case with 
imported frozen carcasses which are intended for the manufacture of 
bacon in Great Britain. Normally the frozen carcasses that arrive from 
Australia and New Zealand have fat of very high quality, but in 1929 
there were a large number of cases of yellow rancid fat in bacon made 
from frozen carcasses from New Zealand. One sample of this fat had an 
iodine number of 81, and was therefore very soft. The cause of this 
abnormally soft unsaturated fat was traced to the use of whale oil in the 
diet, and this was immediately discontinued. 

It has already been shown that the quality of pig carcasses depends 
upon the purpose for which they are intended. Thus, in the maize-belt 
of the U.S.A., when pigs were grown for lard, a short, ‘chuffy’, over-fat 


type of pig was encouraged. ‘The pig was grown to 250-300 lb. in 
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weight and fattened beyond the point usual in Great Britain. In this wa 
a fairly hard fat was obtained, in spite of the softening nature of maize-oil. 
Nowadays, however, the demand for genuine lard is diminishing owing 
to the increase of substitutes produced by the hydrogenation of vegetable 
oils [113, 126]. For this reason, together with the increasing demand for 
leaner joints and cuts, the short ‘chuffy’ type of pig in the maize-belt is 
rapidly being supplanted by a longer and leaner animal. 

Carcass quality and bacon-curing —The quality of carcasses used by 
the bacon curer has a far-reaching effect on the quality of the resultant 
bacon. ‘Unfinished’ carcasses are more difficult to cure satisfactorily, 
because the very lean meat of ‘unfinished’ sides takes up salt too rapidly 
and thus tends to become over-salt [4]. Moreover, during dry-salting 
and smoking, lean ‘unfinished’ sides lose more weight than sides from 
more mature and fatter pigs [10]. Bacon made from more mature pigs 
also has a fuller flavour. 

Measurement of carcass quality.—In the past, measurements of quality 
have been chiefly concerned with carcass-conformation and with the 
hardness of the fat. A considerable amount of valuable work has been 
carried out on the chemical composition of fatty tissues, but owing to its 
complicated nature, the chemical composition of muscular tissue is still 
far from being understood. Little is known of the exact distribution of 
fat in the muscular tissues. Hankins and Ellis [51] have shown that the 
general state of fatness of the pig can be estimated by measuring the 
average thickness of the back fat. Callow and Davidson [11], however, 
found little or no correlation between the thickness of the back fat and the 
amount of fat in a single muscle (the psoas muscle). In this work the fat- 
and water-contents of the muscular tissue were determined by laborious 
chemical analyses. It would undoubtedly be of great practical value if 
the degree of fatness of lean meat could be estimated by some simple 
physical method which could be carried out on an intact carcass. It is 
probable that the electric probe method of Banfield [3] could be adapted 
for this purpose. ‘This method was originally devised to determine the 
salt concentration of bacon by measuring its electrical resistance. Ban- 
field and Callow have now tested fresh meat with the electric probe and 
have shown that the presence of fat increases the electrical resistance of 
muscular tissue. Thus, minced meat containing o-g per cent. of fat had 
an electrical resistance of 266 ohms, whereas with minced meat containing 
3°3 per cent. of fat the electrical resistance was 280 ohms. Moreover, an 
exceedingly lean, intact side had a much lower resistance at all points 
investigated than an exceedingly fat side (see Table 15). 

Banfield and Callow have also found that the electrical resistance of the 
muscular tissues decreases from head to tail, being greatest at the shoulder 
and least in the gammon (see Table 15). ‘This suggests that there is a 
gradient of fat-content in the muscular tissues from head to tail, most fat 
being found in the muscles of the shoulder and least in the gammon. 

Quality and future research—Further research still remains to be done 
on the effect of diet and management on quality. For example, we do not 
yet fully understand the causes of badly developed muscular tissue. 
Occasionally this defect is so marked that more than half the muscular 
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TABLE 15. The Electrical Resistance of Muscular Tissues at Various 
Points in the Carcass 


(Banfield and Callow; unpublished results) 


| Middle of - 
ohms ohms ohms ohms 
Excessively lean side. 680 520 560 420 
Excessively fat side 1,430 1,380 


individual growth-rates of bone, connective tissue, muscle, and fat; and 
the relation between these growth-rates and the conformation and quality 
of the resultant carcass is of fundamental importance. Other questions 
that arise are the effect of the quality of the carcass on the actual processes 
involved in curing and on the quality of the final bacon. Above all, 
quality should be correlated with all the factors involved in the chain of 
= which extends from the breeding herd to the resultant pork 
or bacon. 
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CARCASSES OF VERY LEAN BERKSHIRE PIGS 
FROM NEW ZEALAND 


The frozen carcasses were cut up at Smithfield, and two cuts 
from each are shown. The ‘eye’ of the loin is remarkably well 
developed 


(By kind permission of the Government of New Zealand) 
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VARIATIONS IN ‘EYE’ OF BACON 


(a) Fairly good, and above the average 
(6) Definitely bad, but ng far below the average 


(c) Unusually bad. This side of bacon, however, did not 
appear to be abnormal until it was cut up 
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A SIDE OF PORK AND A SMOKED SIDE OF BACON SHOWING POSITION OF CUTS 
AND THE RETAIL PRICES FOR OCTOBER, 1934 


The sides belonged to F. Winton Smith, Ltd., of Cambridge, who kindly supplied the information 
about the cuts and prices. (There may be local variations in the method of cutting up sides, and 
variations in the market prices may lead to alterations in the relative proportions of the different cuts) 
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